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Soviet geophysicists were the first to create an apparatus 
with which to take magnetic measurements from aircraft and to work 
out a method for use in the field for geological prospecting. The 
first experimental flight with an aerial magnetometer was made on 
19 July 1936 by A. A. Logachev and A. T. Mayboroda* between Novcgorod 
and Valday (cf. Logachev 1936). 

Millions of square kilometers of Soviet territory have now 
undergone magnetic survey from the air. This resulted in the dis- 
covery of new iron-bearing regions with large resources* while 
valuable data on the geological structure of extensive territories 
have been obtained. This data is being employed successfully in 
the compilation of geological charts and In selection of areas 
offering good prospects for the discovery of mineral resources. 

Magnetic studies soy readily be made from the air over 
territories inaccessible to study from the ground. This makes it 
possible to follow the major structural forms without interruption 
over all types of land and water surfaces. 

The comparability of the findings of aerial magnetic surveys 
conducted on a large scale and with high accuracy and geological 
data for given regions makes it possible to examine changes in the 
magnetic field over a geological region as a whole and to identify 
special regional features of the magnetic field and the interrelation 
thereof with peculiarities of geological structure. Individual 
magnetic anomalies, which are usually studied from the g^round, are ^ 
now examined not in isolation from the general nature of the magnetic 
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field but as a consequence of general changes reflecting geological 
structure* 

This makes possible a fuller and better grounded analysis 
both of the general character of the magnetic field and of magnetic 
anomalies identified therein. 

The completeness and the logic of the analysis of magnetic 
field improve particularly with accumulation of factual information 
on the geological structure of its individual parts, this inforaation 
being taken as datum points for analysis of changes in the magnetic 
field over the entire territory under study* 

Analysis of the magnetic fields of large territories with 
the assistance of geological data and geophysical data gained on 
the ground opens the way to thy determination of regional geophysical 
signs indicating the possibility of finding givon resources in spe- 
cific areas in a manner analogous to that employed in learning the 
general geological situation* 

Maps of terrestrial magnetism obtained by aerial survey 
constitute a new and significant step forward because they represent 
the taking of measurements of high accuracy, over a fine network of 
routes, within a brief period of time, encompassing very substantial 
territories* This is either impossible or exceedingly costly if 
done on the ground* 

Magnetic surveys may be made from the air at various altitudes# 
The only limiting factors are topography and the ceiling of the air- 
craft* There is a significant relationship between altitude and the 
detail of the findings* As the survey altitude increases the magnetic 
effects of mall geological forms are lost* A magnetic chart compiled 
from data obtained from a high altitude flight will reveal only major 
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geological features* The intensity and shape of an anomalous magnetic 
field produced by rock of the crystalline foundation and found in 
areas with thick sedimentary overlaps of nonmagnetic rocks will be 
analogous in intensity and shape to an anomalous magnetic field 
observed by aerial survey over a territory with exposed crystalline 
rocks at an altitude equal to the tllokness of the nonmagnetic 
superficial strata* 

The present handbook is bas«3 on the experience accumulated 
in applying aerial magnetic surveying to resolve various geological 
problems* There is no need to arg u« the fact that the possibilities 
to which aerial magnetic surveys raa^ be put in the prospecting of 
mineral resources have not been exhausted* The theory, techniques, 
and procedures are constantly underlying improvement and new possi- 
bilities for more effective eaaployranh of this method of high speed 
geological study of the enormous tairitozy of the Soviet Union are 
opening up* 

Further improvement in the ^logical off ieieney of aerial 
ma^ietic survey is a major challenge to geophysical prospectors* 

The geological results of an aerial magnetic survey, consisting in 
conclusions as to the geological structure of the region under 
study, the identification of areas offering good prospects and the 
pinpointing of sites for prospecting* as well as compilation of 
properly grounded recommendations ai to the direction, initial 
seals, and types of further geophysical and geological prospecting 
of these sites could be a great deal more complete and accurate 
than is presently the case if the organisation, techniques, and 
methods of aerial magnetic reiearch sere improved accordingly* 

In the field of the techniques of aerial magnetic prospecting, 
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th© progress made in recent years is quite significant although many* 
valid possibilities for the further improvement of surveying techniques 
have not been employed • 

We know .that In very rugged country the detail of the surveys 
is limited by the high altitudes at which flights have to be made 
over deep valleys* Over plain country the survey may be taken from 
a more or lose conu;t'mt , low altitude* However surveys on a scale 
more detailed than Is 50,000 cannot be justified economically* The 
main reason for this is that there is a given flying speed at which 
fairly small details in the field, necessary for large scale surveys, 
disappear or are recorded inaccurately due to the inertia of the 
instruments. 

Two directions are open for increasing the scale of aerial 
magnetic survey* One is acceleration of the rate at which the 
magnetic field is recorded by automatic aerial magnetometers and 
the other is the use of helicopters for work where surveys on a 
large scale are desired. The latter is the more practical solution 
of the problem because high speed aircraft . cannot be used for 
large scale mapping in high mountain areas with very broken topography ' 
even if equipment with a significant diminution in the so-called 
"time constant" were developed* 

Much attention must fee given to stricter adherence to readily 
recognised landmarks for locations entered in the topographical map, 
the accuracy with which altitude is determined over the entire length 
of each route, and the development of methods for objective recording 
of the routes traversed and the altitude of the aircraft above ground 
level over Its entire course. Topographical maps of the necessary 
accuracy are absolute requirements for surveys of high accuracy. 








Objective recording of the routes traversed Is possible in 
one of 2 ways, (a) continuous or selective photography with recording 
of the time, or (b) use of geodesic radar* Ejqperience has shown that 
photography is a good method for objectively cheeking back over the 
route traversed but is Is incapable of improving the' plotting of 
the routs* Tha latter problem, which is most important, is best 
solved by radar* 

The problem of recording the altitude of the aircraft above 
ground level over the entire route is resolved satisfactorily by 
simultaneous employment of the radio altimeter and the barometric 
altimeter, with automatic recording* 

Accurate piloting of the aircraft over the given route and 
objective r ecord ing of the coordinates over the entire course worked 
are important conditions for the taking of aerial magnetic measure- 
ments of high precision* 

Precision measurements are a necessary but inadequate condition 
for increasing the geological effectiveness of aerial magnetic 
purveying* Given accurate and precise measurements, the results of 
the method are affected dicisively by rational choice of routes (for 
height , proximity, and direction) and maximum employment of the data 
obtained as to the magnetic field in prospecting the territory, 
with allowance for all the geophysical and geological data for the 
district* 

It is to bo borne in mind that the concept of geological 
effectiveness ' includes questions of cost* therefore the develop- 
ment Of rational method of conducting aerial ma^ietic surveys, 
beginning with the planning and finishing with the compilation of 
a geological report, must pursue the object of resolving the geological 
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problem as fully as possible with a minimum expenditure of time and 
money* . 

In this direction the creative initiative of field personnel 
may contribute much* so as to permit proper us© of the summer season 
for the fullest possible study of the magnetic field of the given 
locality, improvement of the accuracy of measurement of magnetic 
field intensity* close adherence of routes to the needs of the 
locality, and simplification and increased precision in elaboration 
and graphic presentation of the findings* 

The ultimate object of all improvement in techniques and 
procedures in aerial magnetic survey is improvement in the geological 
effectiveness thereof* Study of the experience accumulated in the 
employment of aerial magnetic surveying for the solution of various 
geological problems is one of the necessary conditions for the 
attainment of positive results in this field* Analysis of the data 
of aerial magnetic survey for a given area requires complete employ- 
ment of all the available geological data on the territory under 
investigation, materials and conclusions on work conducted by other 
geophysical methods and of data on the physical properties of the 
rocks of the given area* In addition explanation of the causes of 
changes observed in the magnetic field must also make use of 
mathematical methods of calculating the components constituting 
the magnetisation of various bodies* 

Only all-inclusive employment of the total geological and 
geophysical data on the district, with consideration of experience 
attained in work in other districts and with employment of methods 
of mathematical analysis, Is capable of assuring the fullest utili- 
zation of the data obtained by aerial magnetic surveys to derive 
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properly grounded geological conclusions and charts and thereby to 
accelerate and reduce the cost of solving problems involved in the 
search for new deposits of mineral resources « 

CHAPTER I THE ANOMALOUS (390MAGNSTIC FIELD 



Experimental data on the sisse and direction of the magnetic 
field at the earth* s surface has provided the basis for the creation 
of a theory which regards the intensity of the field at any geographic 
point as the geometric sum of the magnetic forces T » ^ q + ^ x + ^2 + ^3 $ 
in which the primary member T q is the vector of the magnetic field 
of a uniformly magnetised sphere and the other 3 Items are vectors 
of anomalous fields identified by area as continental (T^) f regional 
(T 2 ), and local (T^)* The boundary between the latter 2 is entirely 
a matter of convention* Regional anomalies include those whose areas 
is in the range of hundreds or thousands of square kilometers while 
local anomalies include all which are.- smaller than that. 

There are various views as to the reasons for the existence 
of continental magnetic anomalies* Employing formal mathematical 
analysis, applied to rounded-off contours of continental anomalies, 
certain writers have concluded that their sources lie at very consi- 
derable depths, measurable in fractions of the earth* s radius (cf* 
Kalinin, 1940)* This view is given support by considerations 
arising from the study of certain other geophysical data (Kazanli, 194&)* 

One of the continental anomalies embraces the entire territory 
of Eastern Siberia* In evaluating the present theories as to the 
causes for this anomaly, it is impossible not to be attracted to the 
fact that the central portion of the anomaly corresponds to the area 
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of the highly magnetic Siberian trap rock* This coincidence is hardly 
accidental and therefore the opinion of other workers (cf « Glebovskiy, 
1946) who see a direct connection between the maximum in the Siberian 
magnetic field and special features of the geological structure of 
this district is worthy of serious attention* Convincing proof of 
the supposed connection between not only local and regional, but 
continental anomalies* with the solid crust of the earth would 
introduce important new elements into the general science of geomagnetism 
and would provide the basis for reexamination of such questions as 
the reason for the difference between the magnetic and the geographical 
poles* 

The inadequate degree of study given to the magnetic field 
In areas of continental anomalies, the Siberian included, makes it 
impossible as yet to provide a convincing basis for the above 
hypothesis* Aerial magnetic surveying with simultaneous study of 
the physical properties of the rocks and the character of their 
magnetization would be of decisive importance in the study of these 
fields. 

Certain remarks are in order as to the classification of 
anomalies as regional and local* This classification is entirely 
appropriate in a study of fields terrestrial or continental in 
scope, where the smaller fields appear in contours flattened out 
by the scale* However, when a magnetic field is studied with 
prospecting as the object, regional anomalies take on entirely new 
contours on the basis of large scale maps and reveal themselves 
to consist of number of larger and smaller anomalies* In toto 
they reflect the special regional features of the magnetic field, 
but no single anomaly taken individually may actually ba termed 
regional in the sense that that word is understood by geologist s* 
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Sometimes geophysical prospectors apply the ter® "regional anomaly*' 
to anomalies over large massifs of magnetic rocks, which cannot be 
termed regions in geological terminology* 

The terminology employed in prospecting geophysics must be 
brought into agreement with that of geology, so that in magnetic 
prospecting practice it is proper to speak of regional peculiarities 
in magnetic fields or of regional anomalies, the latter being 
taken to mean the totality of the various changes in a magnetic 
field which correspond to a particular geological region. As far 
as the identification of individual anomalies Is concerned, only 
those determinations are of value which testify to the geological 
nature of the anomaly, as where it is a function of igneous rocks 
largf ~j or small in quantity, or of metamorphic layers, contact 
strata, products of tectonic destruction, etc* 

From the viewpoint of ground-level surveys, the division 
of anomalies into "deep" and "superficial" would have some practic&l 
value* However in aerial surveys classification on this basis 
cannot be used because of the changing value of the major index* 

Below we shall refrain from use of the terms "local" and 
"regional" anomalies in examining the results of aerial magnetic 
surveys, although in individual instances regional peculiarities 
of a magnetic field will be discussed* 

At present there is no longer any doubt that magnetic 
anomalies (other than continental) are called forth by nonunlformitiee 
in the geological structure of the upper portion of the earth 1 s solid 

crust# Experimental data obtained from study of the intensity of 

, ' 1 ' ' s ■ ■ ■ 

magnetisation of mineral rooks and ores confirm the identity between 
observed and theoretical anomalies, calculated analytically on the 
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bails of data as to th© geological structure of particular areas 
and the intensity of magnetisation of rocks constituting the area 
under study* 

Certain instances of disagreement between the values 
practically arrived at and those theoretically calculated testify 
not to any doubt as to the general view of the causes of anomalies 
but to the inadequacy of the methods of comparison adopted* 

Much statistical material has been accumulated on the 
susceptibility of mineral rocks and ores to magnetisation* It has 
been established on th© basis of this data that only materials 
containing ferromagnetic minerals, - magnetite, titancmagnetite, 
hematite, and pyrrhotite-, are capable of intensive magnetization* 
The presence of these minerals is always accompanied by an elevated 
capacity for magnetization in the earth 1 s magnetic field* However 
no quantitative dependence of the magnetic susceptibility of rocks 
upon the relative content of ferromagnetic minerals in these rocks 
has been demonstrated* 

Moreover investigation of various rooks containing much 
magnetite has demonstrated that the relative magnetite content Is 
not the sole factor determining the degree of susceptibility to 
magnetization* There are other factors whose effect upon degree 
of magnetization is so great that rocks with a greater relative 
content of magnetite may be magnetized to a significantly lesser 
degree than rocks with a lesser magnetite content* This is 
apparently related to whether the fsrrcsoagnetie minerals are present 
in the given rock as inclusions or as a cementing medium* However 
there apparently are also other factors, not yet deterained, which 
significantly affect the degree of magnetic susceptibility of rocks 
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containing ferromagnetic minerals* as the degree of magnetization 
of one and the same rock, measured by various specimens* varies 
within considerably wider boundaries than the relative content of 
ferromagnetic minerals. 

Still less study has been given to the question of residual 
magnetisation of rooks, which in many cases exercises a decisive 
affect on the intensity of magnetic anomalies. Residual magnetization 
sometimes attains magnitudes exceeding the contemporary magnetic 
field 10 fold or more, while the magnitude and direction of the 
vector or residual magnetization varies widely from specimen to 
specimen of the identical rock. 

Residual magnetization of rocks is widespread in nature. 
Adequate evidence has been found to support the hypothesis that 
rocks subjected to high temperatures have passed, in cooling, 
through the Curie point at which magnetic susceptibility in a weak 
earth field was considerably higher than that which this rock 
demonstrates at relatively low temperature. If the rock possesses 
coercive force (and research has shown this property to be possessed 
by mineral rock to a high degree), residual magnetization will 
develop and be preserved. The uneven cooling of rocks from point 
to point within the mass may be explained by the observed fact of 
marked changes in the vector of residual magnetization in various 
specimens of the same rook. 

In addition to the minerals listed* many other rockfforaing 
minerals possess magnetic susceptibility to a degree that rocks 
formed with their participation are capable of creating magnetic 
anomalies fully capabla of measurement. Minerals in this category 
include hornblende, biotite, serpentine, ate. The few studies that * 
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have been made of the magnetic susceptibility of minerals testify 
to marked fluctuations in the susceptibility of one and the same 
mineral* For serpwitine, for example, the foUotdng data have 

mk 

been adduced} 10$ 250$ 1,300 x 10 • Hie question am to the presence 
or absence of residual magnetisation in rock-feralng minerals has 
not been studied at all if me exit isd&ld data testifying is the 

possibly significant role thereof in die. total intensity vector 
(cf* Logachev, 1951)* • 

.tong the most widely distributed minerals, quarts and 
certain others not found as universally are practically nosn&ffictlc, 
meaning that they are incapable of creating measurable tie a- 
nomalies# 

The virtually nonmagnetic rocks include the majority of the 
sedimentaries (limestones, dolomites, marls, gypsum, seek salt), 
many metamorphic rooks (quartzites, marble, most of the gneisses) 
and certain igneous rocks (most of the granites and quarts porphyries)* 
As far as the remaining types of rock are concerned, we can only 
draw the general conclusion that in the sedimentary there 

are differences among the clays and sandstones which set Up distinctly 
measurable anomalies (dependent upon admixtures present)* 2b the 
astamorphic complex one may encounter varieties of honistofis end 
shale with very high intensities of magnetization (that is, a&fse- 
tit© shales), while among the igneous rocks oitt encounters a rungs 
from the practically non-magnetic to others with a aspsstito 
content with the very highest level of magnetic snsesyUMlity* 

As far as the igneous rocks are concerned, it is corr ect to say that 
the most highly magnetised are the basic and ultrabas&t socks (basalts, 
peridotites, and serpentines H 
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The relationship between the Intensity of magnetization of 
mineral rooks and their composition, structure, and geological history 
governs the broad range of variation in their intensities and sense* 
quently the special features of aa^etlc anomalies di s c o vere d en the 
ground or from the air* this expands the possibilities Inhemt 
in magnetic surveying when used for geological mapping and pro spe o ting 
for minerals* 

On the other hand the complex relationship between the 
intensity of rock magnetisation and various other factors to Which 
very little study has been given gives rise to doubt ns to the 
possibility of deriving geological conclusions free mnmaloss 
aaffietio fields* This is particularly true when the data of M0Mtle 
surreys are studied in Isolation from the concrete geological 
environment and the work is based solely on statistical data m the 
magnetic pr o pe rt ies of specific categories of rocks* 

The spatial distribution and intensity of anomalous SagiStle 
f ields due to mineral rocks have been studied over large areas and 
for various rock complexes, both on large and small scale* The 
experience accumulated in magnetic survey and the geological data 
on the territories under investigation have established relationships 
between aagietlc fields and geological structure which may be ' 
employed in future investigations* The accumulated experience in 
magnetic survey and the data obtained by other methods of geophysics, 
the use of conclusions from the theory of the magnetic field of 
magnetised bodies and experimental data on the intensities of rocks 
in the area under study* calculation of the components of the stra- 
tification and intensity of magnetisation, and analysis of the 
geological data taken together provide an idea as to the geological 
structure of the territory under study# subsequently rendered more 
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precise either lay man* of ether methods of geophysics or by 
excavation* 

Atrial magnetic surveys art not eaployed to search for 
dtpttiis of highly magnetic imn ores 9 for geological eharjdng in 
connection tilth fat and oil prospecting, and to eeck nenferaut 
metals that to ho tno sintered in fault scnes 9 contact aonto between 
basis and ultrabasio tt88ife 9 and in geological research 
in conjunction with major hydrological engineering projector 
Experience hat shewn that maps of the magnetic field oayiled m 
the data of atrial saafietie survey provide valuable data for glvug 
proeisteB to geslogio&l maps on the same scale and consequently ftor 
mere oo nf ide n t isolation of areas offering hopes of finding particular 
resource minerals# Doubtless the further perfection of the methods 
of geological Interpretation of the anomalous magaetio field will 
expand the soope of the problems to be resolved by means of aerial 
aagietie survey# 

£& Majmetis. Fields and their Interrelation 

lh practical aerial magnetic surveying 2 types of InstraMnts 
are in meat general use, the Z aeromagnetomster 9 which p e r f bi me 
eentimious measurement of the vertical component of the geee&gaetie 
field, and the T aeroaagn etoast er , which perfowss ecntlnuoue measure- 
ment of changes in the magnitude of the complete ? vector i rr es pec tive 
of change in direction* 

Magietic surveys made at the earth* s surface are usually 
limited to measurement of Za and, more rarely, Ha (or* AH)# 

Therefore the methods of mathematical analysis of fields have been 
developed primarily In terns of the.Za field# It is natural that 
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when the first aerial magnetometers were designed effort was concen- 
trated on developing an instrument which would facilitate the fullest 
utilisation of the theory and the rich experience developed in terms 
of work done on the ground. However it did not prove possible to 
create a 'high precision Z aeromagiietometer because in order for the 
Z field to be measured to adequate accuracy the measuring element 
had to be levelled to an increased degree of perfection while this 
was not the case in measuring AT* 


Consequently in assuring increase in the total vector or 
its compliant the measuring element must be oriented to the vector 
in some specific fashion* For example if permalloy rods are used, 
they must be oriented in the direction of the vector being measured* 
When th© total T vector is measured the error in setting the rod 
at an angpLa, <2, results in a reduction in the acting force by the 
magnitude T-T cos a « T(l-ecs CL ) « 1*2 sin 2 -** If we assume that 
T « 50,000 r* and CL * 1°, the error of measurement will be about 
& y » We will obtain another result if we measure 2 and orient the 
measuring element by the direction of 2 vector* If the measuring 
element shows an inclination of CL $ the force of 2 will change, 
and an additional force, H sin CL will appear, so that the effective 
force will be Z cos (2 + H sin CL . The last term is so large that 
the change, 2(l-cos CL ). occurring in Z may be ignored* Assuming 
~~ 1° and K - 15,000 /, we obtain an error of measurement of the 
order of 250 y 


Thus if the condition be set that the error in measurement 
due to deviation in the measuring element from the given direction 

in both instruments not exceed, for example, 2 y in either direction, 

f 

the instrument for measuring A T must hold its orientation to an 
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accuracy of 1 :> T in either /direction, and the instrument for measuring 
Za must hold its orientation to an accuracy of 0*.5. This means that 
the measuring component must meet requirements 30 times as rigid in. 
the vertical position than in measurement of Alb The difficulties 
encountered in assuring this level of accuracy -when a measuring 
element for I is mounted in amoving aircraft has required that 
measurement of Z be dispensed with in favor of measurement of Al. 

In this connection the question presented itself as to the 
development of a theory with the aid of which it would be possible ' 
to use the measured values of AT to calculate the depth, dimensions, 
shapes, and position in space of magnetized bodies in a manner 
analogous to that done with regard to the Z field. However a study 
of this question led to the conclusion that no special theory for 
the AT field was needed, as the results of measurements taken from,, 
aircraft proved in almost every instance to be capable of being 
handled completely under the theory developed for the Za field in 
indirect magnetization. 


The value of AT !§§s determined as follows: 

4 r= J/(Z 0 -| z 3 y 1 { .q f _ 7 ;„ 

= -\-2H„H a cosA + 'P - r 0 - 

T ° []/~' "i 2 (^ S ' ni+ cosicos A ) + (t^) S - l] . (2,!)' 


in which t. is the angle of inclination of the T vector: A is the. 
magnetic azimuth -of the Ha vector; while the other symbols are the, 
standard designations for normal and anomalous components of the 
geomagnetic field; and T is the total vector, Z is the vertical, 
and H the horizontal component of the geomagnetic field. The subscript 
"o" indicates that a normal component .is involved and ,f a T? an anomalous 
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one i.3 'involved. 


When the value of Ta is srna'i 1 the second term under the 
radical is of.’ a magnitude ocmsidor^bly smaller than unity, while 
th 2 third is a second-order small number. Ignoring the latter and 
applying the formula for analysis of binomial to the rest, we obtain 

A T~ Z 0 s\n l -f H a cos i cos A. (2,2) 


If the small 


/c-ond order be taken into account. 


analysis of the binomial gives us: 

Ar, = Ar, + ja ( rj--Ar;), (a.3) ■ 

in which re gras on ts a first approximation for equation (2*2). 


Where small anomalies are concerned, consideration of 
members consisting of second-order small numbers does not affect 
the value of aT. calculated by equation (2*2). Actually, if the 
anomaly at the given point T tl < 1000 y , then when T * 0.5 e the 
correction will be less than 10 y, as is always a positive 


The differential T , upon which the magnitude of the 

correction is dependent, is expressed in its general form by the 

equation r * ... . . ... _ 

— A 77=*ZJcosH-f/y2(i — cos-’icosM) Z a H a s\n 2 icos A. 


Given the shape and area of the body, one may calculate 
the value of the cori’ection and be confident that employment of 
equation (2.2) is permissible within wide limits in which the 
changes in AT are expressed in thousands of gammas. In aerial 
surveying an anomaly approximating 0.1 9 in intensity is a rare 
exception, so that the approximated formula (2.2) is applicable for 
all practical purposes to virtually all results of aerial survey by 
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t ha T aeromagn e torrid t a r . 


The relative value of the correction, p, for each point 
taken individually appears as follows 

n-_L _g~ dr » 

f 2 T 0 A / . * 


As ATj, may take on values of infinitely small size, 
determination in relative numbers of the corrective term in the 
ordinate of the, curve is meaningless. 

Equation (2.1 ) may also be presented in another form: 

a r= - T„ 

in which Q is the ancle between T and T . 

H " o a 

Applying to this expression the same analytic equation , and' 
restricting ourselves to terms comprising small numbers of the 

first order, we obtain 

\T~T a cos (2,4) 

that is, to a first -approximation AT equals a projection of Ta in 
the direction of the total vector for the norma] field, T , 

Expressions (2./*) and (2-2) are determined by one and the 
same geometric magnitude, as may be seen in Figure 1. 

Figure 2 shows the change AT over i vertical stratum in a 


of vertical magnetization relative tc 


the .azimuth of the extent 


of the stratum in correspondence with formula (2.2). 


It- is easy to see that equation (2.2) is identical in appearance 
with the expression determining 2a over a body with inclined magne- 
tization and is distinguished therefrom by a constant factor which 
is nearly - unity, and is - sin i, where I 0 is the total vector of- , 
the intensity of magnetization, • J, z is its. component'' along axis z, 
and i is the arc I/? of in cl in/vt i on • 1 , . 
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Let us demonstrate this for a 2-dimensional situation, that 
is, where the body extends into the infinite distance. We determine 
the direction by means of the magnetic azimuth, A*. In this instance 
the vectors Ha will be directed along azimuths A, differing from At' 
by 90 . Let the y axis follow the direction of the body. The com- 
ponents of the total vector of intensity of magnetization, 1^, will be: 

4 = I 0 cosi sin A' ~ 4 cost cos A\ 4==/ 0 sinl- 

Now let us write the values for H*a and Z f a in oblique 
magneuization, expressed, by the potential of gh’qvity in according 
with Poisson f s theorem: . •. 

H„ - /„ cos i cos A + /„ sin i -*£. 
z; - /. cos i cos/l -££- + /. sin i ^ . 

With direct magnetization, when I = 0, we obtain 


H a ~L sin i - 


from which we* derive 


M = Hg 
dxdz l 0 sin / ’ 


7 , . .&V 

A* = Lsm i-3— , 


fry _ z a 

d& / 0 si n / ’ 


Writing these values into expressions Ha* and Za*, and 
bearing in mind that for a 2— dimensional problem 


dx 2 ^ 1? 2 T — 

we obtain 

H a sin i = — cos i cos A -f- H a sin z; 

Z a sin / = Z a in i -f H a cos I cos A. ( 2 , 5 ) 

Comparing expressions (2.2) and (2.5) we find that AT is 
expressed analytically in the same manner as Za in oblique magnetization. 


establishment of this .fact relieves us of the necessity to 
develop a special theory for the field of AT and permits utilization 
of the theory developed for the Z field in oblique magnetization, 
corresponding to the direction of the magnetizing terrestrial field* 
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Limits to the foregoing appear only in cases in which the 
intensity* of the anomaly, AT, is expressed in many thousands of 
gammas, approximating tenths of an oersted* In this case equation 
(2*2) becomes a rough approximation* Correspondingly the elements 
of stratification of magnetised bodies may also be taken as merely 
an approximation. The relationship between field AT and 2a 
expressed by equation (2*5) may also be accepted as an approximation 
where triaxial bodies are concerned* 

By way of confirming the applicability to the AT field 
of the known methods of employing the 2a field to calculate elements 
of stratification, it is in place to recall that in the practice of 
magnetic survey, when calculating elements of stratification in the 
measured field 2a, we almost always make the assumption that bodies 
creating anomalies are magnetised vertically, while in reality 
vertical magnetisation is a special and rather rare case* On the 
same basis this assumption may be employed in practice when using 
the AT field. 

However the current theory developed to calculate the 
elements of stratification of magnetized bodies by the measured 
field (and by the AT field) makes it possible in certain cases 
to allow for oblique magnetization and to increase the accuracy of 
the solutions accordingly* Consequently in geological interpreta- 
tion of magnetic anomalies, whatever the component by which the latter 
are represented, it is necessary to allow for the inclined position 
of the vector cx the magnetizing field and to render the decisions 
arrived at more precise if the influence of oblique magnetization 
is significant* 

The established connection between field AT and field 2a, 

- 20 - 
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which holds satisfactorily for virtually all the results of aerial 
aagcetlo m rv e y by naans of the X aorcnagnstcastcr, psraite os to 
grossed bdw to sat forth the theoretical portion of ths jnmt 
handbook relative to the Za field without having to spesl tf is saeh 
oass that the conclusions are equally applicable to the A? field* 




Si nagaetio surveying practice the horinntal eonpenent Ha 
It sesatlass aeamred tnly during work above ground, while in calcu- 
lating the depth and diaanslons of naemtiaed bodies it is useful 
to ssm easts to be fanlliar not only with the Z or AT field but 


with the distribution of the tertoontal component. 

Xhs of the calculation of H in accordance with a 

given distribution of the Z field over a plane was dealt with to 
detail by X* M* Pudovkin (1950)* Bis worts presents a tabular fora 
of K for a 2-dtometonal prcblen. Here we offer a 

thgltr derivation of the analytical expression of H through a 
given value of the Z or AT field and a nooographic aethod of calcu- 
lating H both for T ill— islnnnl and 3-dinsnelonal problms* Be 
•stood of ealoulatton pr opo s sd requires very little *»ric ecnparsd 
to the tabular aethod* 

The derivation of the foraulas to basei on the hypothesis 
that tbs Z field givsn for a oertato surfao# area to created not by 
bodtou astaally to estotonee but by fiotitioua aa^Mtis assess dis- 
tributed ever surfsoe in aeoerdanoe with a variable dansity °i* 


Mb know that ths Z field ever a aa^ettoed 


' oc cup ying 


halfspeoe to expressed by the feraula Z * 2W, to which Cis 
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a magnitude call oct th« 11 surface density of magnet Ism.* In practice ■ 
this formula holds If the angle? of visibility of the sur face.of . the . ; 
• body from the? observation point in any verii cal section '3.3 
If the .point of -observation lie.; on a surface coinciding. with the 
surface of distribution of tW magnetic ma sues, this condition lr» / 
fulfilled*. 'fleetly or; the basis of the hypothesis that at each 

Individual point at M»? surface of measurement the magnitude of 2^ 
la ci function of Mu? presence -of magnetic- .masses with a surface'. 


density of ^ 9 It follows 


s that 


Thus we replace the body actually existing and causing the 
anomaly by the assumption of a variable magnetic, density*^- at the 

surface of measurement „ ' determined at each point by the equation 

' • 

iniicnted above. 


let us begin by examining the' 2-dimensional problem, that 
ls t an instance ,in which the distribution, of the £ field is given 

along the x a*i$ # the direction of which if normal to the long axis 

« 

of a highly clongat&f body, 

Employing the familiar expression for the horizontal component 
over the pcie function 

l/*2s— ^ - . 

we write the expression dH from the element dx: ’with the fictitious 
surface of iensity -OV 7“* with allowance-' for 'th# fact that h ® 0 f 
as the value dH is calculated at. points along the X axis: ■• 


dH •»- 


^rrd^ 


( 3 . 1 ) 


« (x -- 1') 

Here x represents the abscissa of element dx, while x f repre- 
sents the abscissa of point P # at which dH is calculated, 0 

The full value of H f based on -all the fictitious magnetic 
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o rt the X axis, wi ll be? 




Kor.ccMVsriiswre of calculation let us shift the starting 
poir.t of tho coordinates to point P at which H(P) is calculated, or 
in other word:* let- us assume that *= 0. Then we obtain 




W« find the integral in the followi 


ng manner: 


f + f[J ~dx + j § <te] . (3,4) 


Bearing ih mind the fact that 


j'f 


and that 


ar(Ajr)-z(~Ajc) = AZ(P), 

OP in other words Ul« .increase in field Z between -Ax and Ax, we 


obtain i 


- — A.v co 

«</*»- i a Z(P) + 1 [j ?. dx + j L dx J . ( 3,5) 


Lot ns note that 


J -««i 

•fi.-lnfsil 

* *m 


Wow let ns mark off segments equivalent to Ax on axis x, 
to the right and left of the origin of the coordinates. Ax being an 


arbitrarily chosen unit. Now let us plot off in both directions fre 


th® origin of the coordinates, points at a distance x , of such a 

nr 

nature that Oppression (3*6) is represented by a constant, termed c* 
In each interval between and x m+ -^, let us take for the true value 
of Z its average value, equal to Z^* Then, instead of expression ■ 

( 3 * 5)9 we will have: 


W«-T*Zm^-rz_ l + B9 +l ]. ' (3.7) 


. Here the signs of the subscript i signify that the first total 
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includes all the value s of /,j to the .1 e f t of po i nt P and the second 


all the values to the right of that point. 


Now let us take thq .value of' c to be such that the coefficient 
before ^ will be, for example, 0.1, so that c * 0.17 T « 0.)1U. 

Thus we obtain 


= * 0,;U4 = 1 , 368 , 


or in other words the- distances - iincr-MS'j in creoiii {, iric progression. 


the denominator being q = 1*363. Consequently the distances will 
be 1, 1-37, 1.87, 2.5 6, 3.51, 6.57, 3.?8, Id. 3, 16.. <3, 23.0, etc* 


v7e use translucent paper to plot our scale. We select our 
initial distance A* = 1 in terms of the scale of the Z curves, on 
which we will calculate the if curves. Thus we may plot a scale in 
which Ax =» + 2.5 mm - Ax « 5 mu (Figure j). All other points 
are determined by distance increasing in geometric progression. 


To determine AZ and the average values of Z^, a horizontal 
grid is plotted on the same transparent paper in accordance with the 
scale and amplitude of the Z curves employed. 


In the calculations attention must be given to the signs of 
the magnitudes entering into equation (3 =7}y tBs: it noted that the 
value of c- is negative as we. proceed leftward - ^6m the starting 


point of the scale and positive as we move,.... to the right. Therefore 

x ■ • if 

the first sum. in equation .(3*7) is shdwn with a minus sign due to 


the fact that c is outside the brackets. The sign of As is deter- 
mined by algebraic subtraction Z(+ Ax)-Z(- Ax). The sign of each separate 
value of Zi corresponds to the sign of the -average ordinate of the 
curve on the drawing. If the given curve Z does not enter into the 
normal field, it is extra pointed graphically to the value Z « 0. 


The accuracy to which the H curve is’ calculated on the data 
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of the Z curve depends upon the intervals of approximated in tqgpa~ T 
" t'loh . The smaller ' the value o f Ax, the greater the accuracy of “ 
the curve calculated. The accuracy, of the derivation is limited 
only by the error in the initial data on the distribution of the 
Z field. 


Let us clarify the adoption of this method in practice. 
.Figure A shows the Z curve as it runs normal to the long axis of 
the anomaly as determined by surveys via a number of courses. In 
order to calculate H at point P we plot the grid so that the central 
line passes through point P and the horizontal lines are parallel 
to the zero point of the graph. Now we enter the values for AZ 
and the mean values for in the intervals of the grid. On the 
original (the scale of the drawing has been reduced for nur poses of 
reproduction herein) AZ(P) = 14 mm. Correspondingly the Z ± values 
at the intervals on the grid to the right of point P are respectively 
15+18+23+29+32+27+18+17+ 5-1-1 *=182. In the intervals to the left 
of point P we obtain accordingly -2-3~4-4-3. 5-2. 5,-1. 5-0 .5+0 ?= ~21* 
The latter sum is subtracted algebraically from the first, so that 
we obtain as a result 

H(P) =ll4 + 0,1 (182 + 21) = 24,8 mm. 

A 3 -dimensional problem undergoes' solution in analogous 
fashion. Let us assume that the problem is to calculate H at point 
P on a plane where the value of Z is known at any given point. In 
this case we may assume an imaginary magnetic density (T « j^at an 
arbitrarily chosen element ds, where the vertical component is Z. 

The horizontal component H, created by a unipolar anomaly, is 
expressed by the familiar formula: 

//*=--- — g . 

' (A» 4 #y* 

In the given instance ^ = 6 f m ds, ds = rdrdQ, Let us 
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I 



dosipnato bh-- horizontal 


cornpon "it* fro-, -1 ds by the symbol 


<1ii. Writing in the values indicate above, we emerge with 

f"= 4~5 

lpX us br '’' lk d,! lnto -V" component;; along the axes of a 
r .^t, angular .,} ->L..u o. coordinate;:) an which x faces. northward, and 
y to the east . fhuy wo obb iiri: 

dH y =■■ 4: — sin BdD. 


us divide bh 


within 'ditch we shall consider !,'n, : ;; 
equal to the a. vsrsyo value of 7, jv.n 


1 sp-icus oT equal effect, 

to be constant and 
'■•''cli space* For example let 


us present; 


r m+\ ti + i 


[ j 7 *f c°sOtf 8 = 0,01 Z,. 


Integrating, we find 

A ^ = ^-ln-^y (sine„ +l r-sln8 < ,) = 0,01Z / . 

Assuming the difference in sines to be a constant, for example: 

s * n V+i'~ sin 6 fl = 0,2, 


we find 


from which we pet 


Let us plot our graph as follows,.. In .accordance with the 
given values of Q we draw vector radii from the x axis and at Q angle, 
which is equivalent successively to "0; - 'l 1 6 ,7U ^3°,6; 36°,9; 53°, 2; 90 s , 0; 
WlwS'WieiWW , etc. (In 2 of the quarters of the ‘ 
circle the vector radii are continuations-' of the vector radii drawn : 
in the first 2). Now M draw circles of' radii r m , equivalent to 1, 


m 
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1.87, etc, in geometric progression, the denominator q being 
1*368 (Figure 5). 

It is clear that, each space, limited by the 2 neighboring . 

“ r " S cUld Iadil » will represent the elementary expression AH » 0.01Z ■ 

X 1 

It remains for un to calculate the elementary value of 

Afl' x from the imaginary magnetic mass distributed within a circle 
, the radius of which is r » 1, or 

z t\ coso^e. 

' i 0 o 

In accordance with the prior derivation, 

f4-** 

° 

that is, the increment in Z in the interval from the center of the 
grid to the first circle. In practice it is more convenient to 
derive the magnitude of increment from the drawing of the anomaly, 
employing the full diameter. In view of the fact that the entire 

area has been broken down into sectors w e, may write: 

4 HJ = E A Z = 0.032E 4 Z, 

in which £AZ represents the sum of the increments in all sectors. 

The grid we have thus prepared is made use of as follows.. 

• On the chart showing the Z field as isolines, or the numerical values 
at determinate points, we note the points at which the value of H 
13 t0 be calculated. The grid plotted on transparent paper is placed 
over the chart in such fashion as to cause its center to correspond 
with the point for which it is desired to calculate H, while the x 
axis is set along a given coordinate axis, such as the astronomic 
meridian. For each space formed by the intersection of radii and 
circles we determine the average value of Z 1 with its sign. Then 
we calculate the total Z^^ sum, observing the condition that all the " 
values in the 2 upper quarters of the circle be given signs opposite 


- 27 
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to those for the quarters whoso radii h.,v: boon « tended into them. 
> AZ increm ' :nt ' ^'"eu.nnin^d, with its corra .ponding signs, along 
10 diameters of a circle with radius r = 1 , in directions co^pond- 
ing to the position of the. bi. sec trio of each angle. ‘ The direct^ 
from the lower to the upper quarters of the circle is taken as the 


positive direction of the bisectrix. Thus wc; obtain: 

W r = 0,032E4Z + 0,01SZ / . 


In order to cal elate H y the grid i ;# rotated 90° clockwise 
on its center, whereupon JfiZ and are calculated, employing 
' ^ Signs sho * on the grid. Wher, this >30035 of rotation is 

employed the signs of the 2 right hand jgLers of the circle are 
retained in performing the addition *,nd those in the 2 left hand 
quarters are reversed. In determining the sign of the gradient 
along each diameter the positive direction is taken to be that 
frfem the left to the right quarters of the circle. The full H 
vectors are plotted on the values of H x and H y as derived. 

In practical calculation considerable simplification is 
permissible in the calculations. Thus in areas of rather u„ifonn 
fields it is permissible to determine the average value of Z ± not 
for each space taken separately but for a group thereof. In this 
connection we must not forget that the Z. value found in this manner 
must be increased by a factor equal to the number of spaces found 
in. the given group. 

Let us illustrate the procedure for calculation by an 

example. In Figure 6 the Z field is shown by isolines drawn at. 

intervals of 25 /. In order to calculate § at point P let us plot 

our grid in such fashion that its ~ ~ - j _ _ - L , . . 

"- vb uuiiciu^ wj.un point r and 

the x axis corresponds to the direction of the astronomical meridium. 

Let us start by calculating 2>Z. Proceeding by sectors from left 
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. to right, .beginning with thu horizontal lino, the approximate increased 
in AZ will be _j3-5+0+5 + 1 0+ 20+20+25 + 30+ 30^.20= iss -y, 
from which wa find the first term to be ' 0.032. 155^5 r . '1 

;t ' ; f ' 

Let us calculate the second teim. Within aach ring wa may 
Vfrite average Z ± values for each point but we may iilao take a group 
of spaces with identical average values.? 

In the first ring we obtain within the 2 upper quarters of 
the. circle from left to right 50+3 • 60+6 -70 = 65f: while In the 2 
lower quarters we obtain 3 -50+7 • 40 - 430 so that the first ring 
as a whole gives us 650— 430 220. 


In the second ring we have 3 • 50 + 3 • 70 + 3 85 r 70 - • 3-50 
7 - 40 — 255. 

In the third ring 35 + 3.50 + 2-90 + 85 +110+90 + 

.+ 65.- 7 3 -40 — 7.35 = 350. 

In the fourth ring 2 • 30 + 3 ■ 50 + 70 + 75+ 120 + 

+ 125 + 70 — 4-30 — 6-25=400. 

In the fifth ring n . n 4. o n. . • 

s J -0 + 3 - 25 + 40 + 70+ 120 + 60 — 

-2-30 — 8 - f5= 185. 


In the -sixth ring _ 25 _ 4 • 30 - 25 + 0 + 40 + 70 + 


4- 40 -- 2720 - - 8 • 10 == - 140 . 


In the seventh ring - 30 4 40 - 2 25 i in 4- 40^'l0"~ = ^TfiT 

lii the eighth ring __ 6 • 10 -f !0 - 25 == - 7 5. 

The second term is 0,01 Z 7 ; ^ 10 y and consequently //, *» I5 y~. 
After the grid has been turned 90° let us calculate in 
t^ e same fashion. It proves to be 25 y* Let us enter at point P 
the components H x and on which the H vector may now be plotted! 
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/.) > Changes in. the Intensity of the ^omagr ishic Field v/lfch Increase 
in. Altitude! uf; the P] .in •; of Observation 


fhe ity of’- tin? geom ayn'-ndc ! bald .-it each geographic 

point is the geometric sow of magnetic forces from various sources, 
th*s vector of. hignogabebus' magnetisation of the globe, the - vector' of 
SC-Cnl 1 *d . w c©r«ti:isntut .#omal les, ,# and the vectors of anomalies, 
the sources ©i which'' ire wngrreblsed rocks and ores* Ii> order to 0 
determine the change in the intensity of the geomagnetic field in 
relation to the height of the observation point, it is necessary 
to eXfUttirje the effect of change in attitude upon the field of each 
source taken i?» divi d»ia 11 y • 

, t The vertical gradient of thft earth’s field of uniform 
magnetisation may M calculated from the fundamental equations 
determining the intensity of tire field on a spherical surface of • 
r radius, in the center of which' one finds a magnet of in f ihitesmal 
size, the magnetic moment of which is M. Ae know that the intensity 
of the H field in the direction of the vector radius r, connecting 
a given point P with the center of the magnet, and the intensity of 
field H q in a direction normal to H r are expressed by the formulas : 

(4,i) 

In which B is the angle between the axle of the infinitesmal magnet 
and direction r (the pro legation of point P to the magnetic latitude). 


In the standard designations of the elements of the geomag- 
netic field, lH^Z~fU^H. 
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. latitudes. Thiut ii' in th« wast mi portion of llm (Jd5R at ‘a latitude v : - 

" " ' ' 

*»M» » »••*£.•«»*» Kiefer . AiiW Km, ' 

the - •’ 

. , . • ~ : * ( 

TJo experimental dotelwiriutioft of t?}* verticil gradient of 
ths field- of uni form ma^iet laui-Ion hub been made# 

Thara is no data whatever on the Vertical gradient of continental 
anomalies. It U 'impost* ible to derive them theoretically ‘by means 
Of the .analytical expression i, as the causes for the appearance of 
thoau anomalies have not be??.? discovered. Suieu.! at ion on the basis 

■Of Irf*PiaC9 f s squ-^ion 

is impossible becausfe continental . anomalies have not been studied 
sufficiently. 


Whan mineral prospecting employs magnetic survey at the? 

©arth f 3 airfare. or from the air on any scale the fields of uniform 
magnification and continental anomalies are excluded so that the 
result >fill ahorf only the field created by geological features* 

In aerial surveying, carried out approximately at the same level « 
.from the earth* s surface, the vertical field gradient ' T^-T^ does not ' 
affect determination of the anomalous magnetic field. ■ When high 
accuracy measurements are made at different altitudes from .the earth’s 
surface hundreds of meter.V apart data on the vertical gradient of 
ike T^4 field may prove essential for purposes ..of proper Calcula— • 
tion of magnetic anomalies arising due to the lack of uniformity 
in .geological structure. 


The lack of experimental data on this' matter for the territory 
of the USSR and the experience, acquired in eliminating the effect 
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of 'the? vertical fluid gradient 'I 1 ..-! T on b 
ot’ magnetic ariomul i. ns at v i irions It Lind" 


0 t ■> o f measu remen || 


ft necessary bo- guide 


ourselves by Ih ?or Ideal calculations of the T j fi<g!h gradient ; for 


tho given locality in accord -.■nee w:i 
derived from equation (A. l) and wfr: 


formulas adduced above 
bast 31 berian continental 


anomaly i s c. on o e r » i 
of that anomaly* 


it ion (k,2) applied to a schematic map 


Wh$-ro aeromapnatic prospecting is used tho matter of greatest - 


interest is in vest ip 


non of campos 


recurring with changing altitude 


in the distribution and intensity of anomalous magnetic fields as 
a result- of inhomo gen o i t i a s in goo logic structure, that is, in .hose 
anomalies which are designated as To and T in the general formula 
for the geomagnetic field. 


The analytical expression for the intensity of the magnetic 
field changes with change in the chap? or the magnetized body, as 
is evident for instance from examination of the analytical expressions 
for curves Z , and H over such bodies as a ball, vertical and horizontal 
cylinders, etc. As a result the necessity arises to examine the 
question as to the vertical gradient' of- the intensity of fields over, 
bodies, of various forms, with 1 i mi .tat ion -solely to bodies of the 
simDlest forms « 


The vertical component of the magnetic field of a ball that 
has undergone vertical magnetization upon a line passing through the 
epicenter of the ball is expressed by the equation 

- , 4 . 3 ) 

in • which H is the magnetic moment, of the ball and h is the distance 
from its center to the pl ane of -measurement.. In its general form 
the vertical gradient l ' is .determined at my given point x by the 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81 -01 043R0009001 00005-2 





?quat ion 


^2 3/WA (3x- — 2/t 2 ) 

dh (tf 4- X‘)^ 


( 4 , 4 ) 


i'rom th : '■.ai ibion <&*»_ 2A* = 0, ’ fin-.l x - ±0,8h. From the 

lntt'-ir Equation and afntion (/,./,) y — that ay altitude increases 
the Z component in the central portion, determined by the distance 
±0-«h from the starting pointy of tha filordinatey, declines, while 
it increases ’beyond the iimi ts of the i vnn value for x» The Z 
maximum declines la, reverse proportion bo the distance h raised to 
the third power. 

Ins magnetic tieid of a. body of vortical course may be 
treated in the same fashion as that of a bar magnet, in which the 
distance between polos is 2 1 . We know th.at the field of such a 
magnet takes on the 'following appear an cn in the direction of the 
axis of magnification 




m 


t+2-0 


+ 3 S+ - • 


Limiting accuracy to i-K, vn may issert that in a horizontal 
plane, the distance of which from the center of the object under 
study is 3 times as great as the vertical dimensions of the body, 
t’he magnetic field of the latter may be taken to coincide with that 

of the ball. We know that this fact is employed widely in calculating 

. 2M 

the magnetic field of a bar magnet on the formula H = ~~'~ i although 

' this formula is valid for an infinitesimal magnet or a ball. 

Thus the magnetic field of a body the linear dimensions of 
which are similar on all j axes, changes above the earth* s surface 
in approximately the same fashion • as does the field of a ball. 

The field of a body heavily elongated in. the vortical changes in 
accordance with the same law, beginning at an. altitude double or 
treble the vertical dimensions of the body. 
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;• " 1 '• . n u ‘ f • r ' ho r fb/ i : t , : ■ c - - 1 i . v rp-..v ■ 4 j < - - • • i #, 1 augUr, 


•prfc.icL : 1 Ly in » rp' ’ lyj. /. I , i j ' »• 


i !C' C 3 .V'CO t •,!: ] Lito no J7jU.ll . 


jvo tn:': long uki s ol 


yipdy, ah 'scot/it. in ’dip,. forimiia 


(ft j + x-)* » 


t' h n h ^ ^ d ;Wthi a cylinder, ' 

■the : r!*noniir:po:- ah, /-use b-wny cm :1 tu or, : nnifc of length, Cuid • 

• • V ' * . . • ' ' . % j ’ *. ' • 

h 'iS'tho distance Pro>t» fha- rv! i>irn>v i-.c in-; i - j. . . ^ 

; . ■ ■ ' -" Li - . — F-j-uir or on server.} on * 


31 * , cooi’d lii.it. •* s meat ; a t ' 1 ho 


' - i-o n o I: t h e ft ra j :•» c t i o n 


■ of the cyl wider Tdh on ' plvie of ifeir/iUon and the 4xis 

■ -■ - - i 

■: ' Tho t'rnn xenb of Uk? <> J laid liony the vortical taker? on 

the , following appearance 

dZ _ AMh ( 3 .c- - /i 3 ) 

oh {h* + x J ) J ‘ ( 4 , 6 ) 

* ronl ^his ifj follows tint in the mid port ton, within the 
limans of.’ variation x = +0.6h, the a curve declines, but that outside 


these 'limits it increases* i 
h raised to the second power. 


■dines in inverse proportion to 


It may readily be demonstrated that the ..field of highly 
elongated bodies of elliptical seot^bti and vertical long axis will 
at a given altitude be indi stinguishabl c ;■ from the field of a cylinder, 


i f the hi blind « 


dimensions of sections taken through the vertical* 

The field of a vertical stratum 2b thick, of very great 
length and depth, is expressed by the following formula for a line 

x transverse to the long, axis ; 

Z-2/[a rc ig.-L+»_ arCt giLyi»J ( (47) 

in . which h is the distance from the. upper edge of the deposit dtpi. 
tho ; plane of observation and I is the.' intensity, of magnetizations ' 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81 -01 043R0009001 00005-2 




Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R0009001 00005-2 


The vcr tj 


tlCl1 h'radiont Z, given 2b«h, w fy[l be 


*= — 2l2b 


[h* + 


Hie ordinates o r curv" (h ft) d-i C’n. ,, 

' ‘ mh) rilLi(n jrom those of (4.5) only 

by a COnBt3nt faCt0 - 111 «!’ x , ±h the or Z declines 

Wlth riSin6 alUtUde Whil * this value it increases. Z de . 

r.i . max uc 

ln mvers '' Proportion to h to the first powsr . 

•Tf the thickness of th^ bnrlv 1 

° dy <b 13 commensurable with its 

U _ ^ j. 1 . . 


height- h, then 


- 2/f — -5 -± b __ x~b 1 
[h 7 + (x + b)i h*fTx^by-\- 


b„. , rorm idallM „ ia ttat or JTOlon 

z ov " *' rt ~**> «• ^ « ««« horl „t.i 

dimensions of which are 2b, A ronstnat r- n+- 

oons tanr factor provides the only- 

difference between them. 

M1Mr ° f «* * otag , 
i~ dUM, by Ah ls bq.dyal.nb to „ rllal ^ 

body in the rovers" dir^efinn tu, ,, 

tl0n ‘ rhe prcbl ™ i3 to find the difference 
in fields between the fi^lHo 1 a 

' dj ° f ««i the displaced bodies 

or in other words to find the field of a body constituting the 
difference between the gi.en and displaced bodies. In the former 
case, . assuming 2b to i« snail, the difference between the 2 figures 
croas section be of small dimensions along the x axis, and 
a small Ah along the z . W e know that the field of such a body is 

regarded as the field of 2 horizontal cross hairs between poles or 

the field of a cylinder. In the second case, where 2b is large, the 
difference between the 2 figures will take on the appearance of i thin 

horizontal plats, the field of which is expressed by formula '(4,9). 

on the condition tb-n- »■ h<» ni . nv , % , , 

■ -on ...... i b C tor Ah be added to the right side of ' 

the equation . 
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With •.m lucre is<* in h finer 


f in tvho relation sh ir 


between h an.l the wwrti.ni! -ii.m-n jion . of !.!,.. bo-ly nr! the concept. 


that the body in "i nfi rii.ta” 


ivy depth no longer 


hoXda. Hr. ? o.v,rr! -Vrrm.in Z, for the c.nr, of' i body with reetan 
pillar sac t i.on , takes on the appcn r. mca 


z = 2/ [arc Ig - arc lg^ _ arc lg * + » . 


in .which d represents the cross-section or the body, along the vortical. 

Analytical investigation of squat ion (4.10) does not result 
in the establishment of relationships capable of being expressed 
by simple- formulae. If the values of d and of 2b are of the game 
order and the value of h significantly exceeds th near dimensions 
of the cross-section of the body, the curve Z, corresponding with 
expression (4.10), is virtually indistinguishable at high altitude 
from the curve above a cylinder. 

I' igur.es ? an civ r, show in the form- of curves the change in Z 

max 

with altitude above a horizontal body, the quadratic section of 
which is (2b)(d), the section being calculated on equation (1.10 )♦ 

Ths dimensions along the vertical d * 1, the thickness 2b, and the 
height h, are expressible in unit d. 


Figure 7 illustrates the change in Z between 0.1 and Id, 
while Figure 8 illustrates it between! and 5d. The first drawing 
presents an idea as to the change during flights at altitudes' 

by comparison v/ith which the distribution of magnetized bodies in 
depth is considerable. The second drawing illustrates the change 
Z max when .the .relationship of the magnitudes in question is the 
very opposite. In other words the? former graphs are applicable in 
..cases- ’when the 'bodies are large in size relative to flight altitude 
•while the. second is applicable to small objects. 'Thus, we : see emphasized 
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/ ,fe, , j a rv ’ ' ' , ffii 


Ml 


fit, f>r:iphl rally 


bude of Ur* mad 


of tho bodieo re. 


over ' i cvl :i ?r ior. 


‘.U.b 1 f.ijclo on tho matyii- 
run. a! lor tha dimension 


e:h - (VI and bfh ~ 1 


diminution of Z 


’ Invent ir; 1 1 i of o ! ’ f! j r» uq. ? re u : ; j 

< 

bodies and bodies with o.b',1 1 quo 

i 

relationships that may be fucprousud it 


• or 'dm Z field over inclined 
zips al so Mails to reveal 


unpin fon mil as * 


Figure 9 shows the /, i ie.l d of an inoj i.n/>d stratum in vertical 
section. The vertical component Z is shown in the form of lines of 
equal value, the distribution of which illustrates the diminution 


of the field w.i If 


corrosoot i d j * i r: t o 1 1 


of height is in units 


ess-sec t Lo'.'ng} dimens i on s o r the body. 


LLA.amiinL.ion o- the d i.arr-:;i gj ves rise to the question, import- 

ant in practice, as to the displacement of Z along the x axis in 

max 

' Proportion to the increase in altitude. At low altitudes the displace- 
...ment of the maximum is most insignificant, but the angular displace- 
ment' is in any case only a small 'fraction of the angle of decline of 
the stratum. As altitude increases, angular displacement rises some- 
H what, approximating l/3 of the angle of decline in the upper portion 
of the drawing. 


Let us examine the question analytically in terms of an 
obliquely magnetised cylinder, in which, as a result of the coming 
together of the polar lines, the displacement of the Z maxima along 
the x axis at various altitudes should be most clearly expressed. 


The equation for for an obliquely magnetized horizontal 
circular cylinder is as p o.Uows - j" 

7_oM(* , --» ! )cnsP-2AxslnP — — — 

r ^-fVy . (4,tl) 
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i n which is the angle of deviation o f the T. vjctor from the vertical 

Compiling an equation for finding the abscissa of Z in 

max 

the- Conn of ~ =0, wo obtain 

dx 

5* '+A hx ' *?.?■- 3* ,J * “ W *g P » 0. (4J2) 

In this equation a has ) values. Depending upon the shape 
of the curve, one value, x^' , corresponds to and 2 values, X 2 

and Xy correspond to 2 minim tons, Z. ‘The angle Q exceeds )0° only 
in the southernmost portions of the UobR and is below that figure 
over most of its territory. Consequently the value of xq will be 
small relative to h, and x , while nei ther of the 2 latter values 
will equal infinity. 


In finding the approximated value x - x , we write the value 

of x^ into equation ( U • 12 ) and divide i t, member by member, by h^# 

Ignoring the second and third lowers of the simple fraction — — ■, 

h 

we obtain 


-f A tgP = 0; 


l = i<gP. 


Employing to designate the angular displacement of the 


Z point, wS -obtain: 
max ' 


«ef -I'eP; 


Figure 10 shows the values for Z at various levels* h-j .and 
h_. over an obliquely magnetized cylinder. The displacement observed* 
Z . confirms the correctness of the approximate solution found* 

This conclusion is also confirmed by Figure 9* At an altitude which 
is high relative- to the linear dimensions ,o-f the cross-section of 

u ■ 

the body, its field approximates the field of a cylinder of circular 
section. As a result we witness the gradual approximation of the 
angular deviation* 2^ * to l/j the angle of declination, with which . 

the direction of the vector for intensity of magnetization coincides. 
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The deviation proceeds in the direction opposite to that of the 
dip* Later we shall show that when an Inclined stratum is ^infinite* 
in depth the deviation proceeds in the same direction as dip* 

The theoretical examples we hare examined provide a general 
idea of the changes in intensity of anomalous magnetic fields of 
geological bodies with variation in altitude* 

The magnetic fields of geological bodies of various shapes 
and dimensions decline in proportion to distance from the earth^s 
surface the more rapidly, the smaller are the dimensions of the 
body* Therefore the relationship among anomalies created by various 
bodies change with change in the altitude from which the survey is 
taken* Cases in which anomalies which are intensive at low levels 
of measurement rapidly diminish and become too slight to be recorded 
with increase in altitude, while adjacent weak anomalies related to 
large shapes arc still noticeable at high altitudes, are possible, 
and have actually been found* 

figure 11 deplete the Z curve at 2 altitudes, about 100 end 
400 m respectively above the earth 1 ® surface, over a body of Iron 
ore of oontaet origin* At the lower altitude a sharply defined 
magnetic anomaly ie seen, caused by an ore body and a skam sons 
and a slightly elevated field above a massif of syenite* At an 
altitude of about 400 m the anomaly related to the ore body is 
practically umotieeable and all that remains is the field above 
the syenites, while it has varied so little in intensity that at 
the given level of accuracy of measurement it is difficult to state 
that the vertical gradient ef the Z field over the massif is of any 
quantitative slgiifioanee* 

Thus, examining the changes in the earth f e magnetic field 

-39- 


I- 

& 







with variation in altitude, In terms of tha sources of thio flsld 
we fin* that tha t Q field of h omo gunu a Rjffwtlsation will have a 
constant gradient of tbo order of 20 gamaa par kilometer op to vw y 
high altitudes. Apparently tha gradient of continental anomalies 
>411 ba considerably lower than this* However the gradient * of 
anomalies studio* In tha oourse of geological prospecting will be 
both positive and negative in sign, while their numerical values 
nay be very high, particularly at the earth’s surface. 

s. Calculat i on of Field Intensity at a Given Altitude hr Msani 
Of the Known Plaid Distribution at a lower Plana 

In the practice of magnetic prospecting caeea are encountered 
in whioh the calculation of the magnetic field Intensity for an 
altitude other than that for which it ie known nay prove very useful 
In the geological clarification of magnetic anomalies. 

As It applies to the field above bodies of large area, and 
therefore in the fora of a 241snsional problem, this cpieetion has 
hsm given detailed treatment In the works of B. A. Andreev (1947, 
1949, 1950, 1952, and 1954). These works present nooographie methods 
for finding 2 and AT at a higher altitude by means of data for 
tha field distribution at a lower altitude for bodies of large 
(theoretically of infinite) area, and for bodies of indefinite area, 
and also present a simple theoretical Justification for the construc- 
tion of nomographs. 

ga in tbs Oass of calculation of the H field in accordance 
with a given distribution of the 2 field, we assume that the Z field 
given at a ocrtaln surface is pnduesd fcy an Imaginary superficial 
mapistlo density, numerically equal, at each individual unit of space 


2 



• 40 - ' 
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I, 


US 


"I • 


i n order U > c "jJ -cu i \ v. • 
fvni .1 ! nr formula r:; o v.;e i m,., i,| 
■small in si./, : , . . • . : 

Z = 2o2b 


■' : ru, P ‘ h 13 employ Ur 
/nr a vertical stratum 


A 3 4 X 3 ' 


vW> ' : ' V1 - 0 = ^', 26 = <&. St.arUug 

0,,r coordi!,at '^ :»•' ! ’ : ‘ !| t . ; i i.-l-,, Mo-, :iz to indicate 

th?a th:! ficUd is 0 li,L : d;l '-ra" ^ rrom l.hu .jlonivut dx, wj obtain: 


dZ( P)„ 


Zh 


TC (A 3 + X 3 ) 


vr dx. 


(5,1) 


Tlie total valu,- of Z(J>) ail! bo thn integral of equation 
(5-1) within the ran*3 of minus to plus infinity. At any gi.von 
limiting value, Ax, the fi.xld intensity AZ(P) will. bn 


^m + l 

z w\* dx - 

= v(^tg^tL-arc.g^), 


(5,2) 


in which is the ms an value of Z in segment A* in the interval 
from to ■' c II1+ 2 • Let us divide the x axis into segments so that 
the difference in the arc tangents, given in parentheses, will be 
constant at any value of x^. Let us assume, for example • 


Then 


1 / . JT-\ 

_ ^rc rg - arc tg -fj «. 0,05. 


Z{JP)^QSmZi\ 

In order to plot the nomogram, we derive 


arctg^-arctg-f- = 0,!57, 

from which it follows that at a given value for the constant, the 
difference between the arc tangents is 9°. Consequently to plot, 
the nomogram it is necessary to drop a perpendicular from point P, 
where the coordinates meet, and in addition to draw rays to left and 
right at 9° intervals to reach a horizontal (Figure 12). 

41 - . 
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To fin 

d Z 

for 

a given 

point P, we conn 

net the 

m-i9' 

ting point 

of the rays to 

poii 

at r 

, The central ray is ve 

rtica! * 

Th- 

e length 

of the rays should 1 

oe s' 

uch as t 

•o intersect the 

topographic 

profile 


set forth on the drawing. Then we calculate the? Zfsum, where Z^ is 
the mean value of Z for the given line in the- interval between each 
2 adjacent rays. The Z value sought at point P will be 

i (P) = o.osrz,. (5,3) 

Hie i.i value at other po.j n i>s is arrived at in the sane uann-er • 

X.f i t shbull prove ohat th e i» agn o t .i o i p.] vari e s very- -sh-irplv 
in tne interv.il between rays,- so that it becomes difficult or impossible 
to determine the average value, one of the following methods must 
be used. Either (a) with no change in the nomogram, Z is calculated ' 
for intermediate altitudes, and the desired altitude is approached 
step by step, or (b) a different nomogram is employed, with smaller . ' 
intervals, that is, !,.f. In this c.uso the formula for calculating • 
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2 = 0,025 £Z,. 


;\lO 


.i.cn ■ o '* /, * y j, , 


! ; :i,rh !:.y T or • . / 


■pip. 1 , Ur -1 


' :1 : or constant 

■ v/erft£-' vOu -r ; ,t ob; <1 i. ...U-u. i 
r ,o dj.vi.d-". ban broad *l i ' . - r :.j : j 
i.rhUL bo. am , ! (b,.;... .,•> 

•• . ,o . . 

' P'ti C.h -i., . Ay, :f : ? 


inninoo bv 

’ ,r ’ • ;i " rv :- ccur " r '- ^^r:ivation.of 

’ J’oi nt it i.'j. ] >, , i r b i* 

“if* ■??"! t'{ . !>» jO 

* - 0:1 1 i *r ! v* uig too 

" ! 1 ' •* ivkl'.Ki in the ninth, into 

b ' i '" ! "' 't i.d° intervals, 

orvt.v Wc-rirtlis bo trig shown on if ii-.wir. ••> Lot u:f writs j n the 

vvnuno in r,nnmo>. S ^ in the intirvals to the right of 

• the c an tr.i] 1 inn: 22 + 22 , 5 + 22 , 5 + 22+21 + 17,5 +12 + ^-( 6 , 5 + 3 , 5 )+ (- 1 - 4 - 6 ) 

+ - 5 -(— 4 . 5 — 3 )= ) 39 - (m to, Js : n, ride wo gob 22 + 21 + 20 + 1 9 + 17 + 16 - 

+ 15 ^( 17 + 17 )+ 4 (|l + 4 + 2 , 5 ) +§• ( 3 + 0 , 5 ) = 154 . g rom this we dsrive . 

Z(F) — 0 , 05 ( 139 + 154 )— 14,6 mm. 

■■ h 

< In a CdS3 !//h ' ich t])3 1 Li.nld or AT given tor the initial- 
surface .plans has no cloirly defined 'axis and the hypothesis of in- 
finite area in permissible, the calculation of the Z field or of AT 

at the now j higher level proceeds as follows. 

‘ 1 - • , • 

hst us assume the Z field distribution at some plane surface. 

In any element ds the given value of Z may be examined as the result 

O’" ' m inln " ina ^ si i gnetic mass CT with a density of ''JL. j„ that ■ 

,? 7 T 

case the dZ field, at point Poland -altitude h, will be (Formula 100 
in Logachev, 1951 ); - : 


(fZ — odsh Zhds __ Zhdrd 6 

r 3 ~2nr3 2nr J ’ 


( 5 , 4 ) 


Here r is th* distance from the P point to th- ds clnnant. 
9: is- the angle formed by the pro jection o" r to the plane in •which 

• - 43 - 
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, p lies, and .by a fixed dir-a: 1/i.ort ds ~ rdrdti . 


Lat ug bre’Lk up the entire pi »* 1-3 t.oat a ini ng the given Z values 
into areas of equal afreet,' V/ibhin' these area.;? we will take Z to be 


constant equal to the average 


:>r Z. . ITie fisld AZ(l’) .of 


such a spree will he expressed by the ■ formv 


r m + l ?«+! 


= <»- 

r m 

= — - L _\(0 _ 0 ) 

2 * \ r m r m + \r m + 1 mh 


Assuming 0 m . , - 0 m = 36° 0,628, 


in which case 


Z(P ) " 0,01 sz,. 


Let us plot a nomogram to permit Z(P) to be found. From the 
o 

center point 0 we draw ra.vs at 3n intervals and then circles, the 
radii of which, x^, are obtained from equation (5*5): 


Taking h = 1,. we find 


Y 1 + \f X + ^+1 

from which we derive the following values for x.. 0; 0,48; 0,75; 1,02; 

1,33; 1,73; 2,28; 3,17; 4,91; 9,8; oo. If we take the height h in the 

given scale to be. for example. 20 mm, the successive radii will be 


0; 9,6; 15;20; 26,6 mm, See Figure 14. 


In deriving the field at some point P and altitude h, the 
nomogram is laid atop the chart of the magnetic field in such a manner 
that its center corresponds with point P. Determination is then made 
of the mean value 2^ within each space, formed by rays and circles, 
subsequent to which we calculate the sum Z±. The value desired is 
calculated on equation (5.6). 
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Let U3 examine the calculation of Z in terms of a specific 
example (Figure 15). .hit us assume that we are required to calculate 
the field at height h, which is 10 mm on the scale presented by the 
chart. Now let us plot a graph for h - 10 mm. Let us place the 
center of the grid at point P’ and calculate the total of average 
Z i .values for each space. Within the circle for the first radius 
the Z^ values will be (counting clockwise from the vertical) 

50 4- 6 *45 + 3 -50 = 470. In the second ring, they will be 
Jr ?.L 6 P = 48( >i In the third 2 -SO ± 2 - 35 + 2 *40 + 50 4- 3 : 6Q =_480; 

In the fourth 2 • 50 + 2 * 30 + 2 • 40 + 50 + 3 * 70 — 500; In the fifth 
60 4- 40 ± 2 * 20+_2 • 40 4- 2 • 65 4- 2 * 90 - 530; In the sixth 50 + 30 
2*15 + 2* 40 + 2 * 65 + 2 • 80 .== 480; In the seventh 40 + 20 + 0 + 10 + 2; 40' 
4-60 -f 3 - 50 = 360; In the eighth 2*10— 20+ 10 + 20 + 40 + 50 
+ 3.20== 180; In the ninth — 10 — 20 — 10 + 10 = — 30. 

On the ‘basis of equation (5*6) we find that Z(p) ** 0.01*3/4.50 
a 34. 5.- The results are obtained in the same units in which Z is , 
given in the original drawing. 

6. Calculation of Field Intensity at Points below the Plane in Wrixch 

• • 

Field Distribution is Known 

' ' k / • . 

' Determination of an anomalous magnetic field at various levels 
below the plane in which field distribution is known increases the 
’possibilities for practical utilization of the data of magnetic survey 
. for the study c.f geological structure, as is confirmed by well-known 
works in this field (Andreyev, 1947, 1949, 1952, and 1954, and: 

Yeynb erg, 1944). The possibilities of practical employment of the 
field distribution in the vertical section above ana below the given 
level are apparently subject to- considerable. expansion. In particular 
we have in mind the* plotting of a vector diagram of the T a field 


■- 45 -'-. 
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Lot us' t ik ; 1 5 pi von i/no v . : n n of |i(x, ! j) along a line 
the direction of which is porponMou] or to the long axis of the 
menetissad body. Lot us isuma thu height or the axis of the abscissa 


problem constats u t. finding; the values Z(xd $ h) 


point x f , located 


t i c a 1. ver t ic al sect ion . 


The first approximation Zq(x. t , h ) is found on the basis of 
theorems having to do with the mean value of the potential function 
for the 2-dimensional problem. The value of the function at the 
center of the circle is the arithmetical mean of the '.values of the 

functions on the. circle itself* 

L ' ■ 

For purposes of an approximated solution we employ the values 
of the functions only at certain points along the circle, to wit, 
those at the points of. an inscribed regular hexagon or square. 

Let us assume that the values of the Z function are known 
at U points located at the apices of a square '\fZ on a side (Figure lo). 
Then the v;p.ue of the Z function at. the center of the square will be 
determined by the theorem for m£an valu e: ■ , 

~Z(x!, O)asl(Z(V + A,'0) + Z(V — A,.0) + 2(V, A) + 

+ Z(V,-A]. (6,I> 


- i.6 - 



However, if the values of.Z are known ••it all points other 


* than (x ? ,h), the value at that point is determined from equation (6.l): 

Z(x',h)^*Z(x',0)-[Z(x' 4 . h,Q) + Z(x'-h, 0 ) + 

-fZ«V-A)J. (6,2) 

In the case under ex.; uni nation, the values of Z at point {* » 0)* 

: 0) and (xf—h, 0) are Ur * .given values at the initial level 

2*0, while the value of Z at point ' (x* ,-K), that is, at h elevation 
above the -initial level may readily bo calculated by the method set 
forth above* Thus on the right side of equation (6.2) ail 4 members : 
may be taken as known, so that the value of Z ia- found at point (x f ,h). 

The process is assist : xi bv the use of a template in the form 
of a sheet of paper witn openings cut in such a manner as to reveal 
only the corners and center of the square, that is, the values of 
Z at the points required. 

Thus we find' the value of Z at depth h along the entire x j 

line at intervals such as to pennit the plotting of an uninterrupted 
curve. 

In order to find the second approximation we regard the 
values Z(x,h) as given. On these values we calculate' Z(x,0), which 
are the figures truly given. Let us assume that the value of Z 
calculated at point .(>'*>0) has proved equal to Z f (x f ,0) and that th9 
true value is Z(x\0). The difference (J'.O) — is the 

first correction to be made in the value of'Z(x f ,h). .Corrections 
of this kind care- found for a number of points, subsequent to which 
we. draw the corrected curve Z^^h). 


Further, the same method may be employed to find the second 
■; A 7 mr • m'.rrni tnda of whi ch vis correct, curve Z-, (x.h). 



/ - — / 
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n.3 a • resuJ t of which wa out tic 


i o o u ra t v> v /j,u | for 


Z^(x,h). llxporionce h is shown f hat pin calculating trie Z C i eld at 

, a' depth h, cons tenting a small fraction of the depth at which the 

top of the gi v eh body .in. located, it is nd-u|uato to make but a single 

correction. In this case, when length of the anomaly in not 

i 

clearly defined at the initial level and it is not possible to apply 
the theory, .for a field in bodies of infinite length, the problem of 
deriving the field at points below '"the given sun ace is resolved in 
a manner analogous to the foregoing on the basis of theorems covering 
the kverage value of the potential -function at the center .of a sphere. 

In view of the unconscionable amount of work involved in re- 
solving the problem if we employ a large number of points on the 
surface of a sphere, we shall limit ourselves to the corners of. a 
regular hexagon inscribed in a sphere, 3 corners of which are in 
the plane of the known field, and Z of which are disposed symmetricilly, 
one above and one below it. Let the § (or AT) field In the plane 
of observation be: in the center of sphere, Z^; at the corners of 
the hexagon, Z Jf and The. field may be calculated in the; 

manner set forth above for the case of; a 3 -dimensional problem. 

In that case the Z field at the point corresponding to the lowest 
comer of the hexagon will be 

z - SZ, - (Z, + Z, + Z 4 + 2 .) 

After determination of the Z field at an adequate number of 
points in the plane below the given plane, the correction may be found 
in the same manner as indicated for the 2k1 iter r, ion al problem as follows. 
.The field in the lower plane is regarded as that given, while the value 
of z is calculated for that field on the basis of points ifl the initial 
plane.. The differences arrived at between the true -and calculated 

values of Z arf employed, as the first corrections to the values- caleu- . 

1 fated .at points -for the lower, pi ^ne. , . . 

a v --u.a- ; . ' - 48 - A . / * A . 
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CHAPTER II. THE UTILIZATION OF ANOMALOUS MAGNETIC FIELDS IN GEO- 
LOGICAL PROSPECTING 



The results of measurements of the magnetic field presented 
in topographical fashion in the form of curves for a field undergoing 
continuous change along each route or in the form of isolines on a 
map reveal in graphic form the course and approximate contours of 
both large and small geological structures, depending upon the scale 
of the survey. 

We know that world charts of the geomagnetic field compiled 
on a fairly small number of absolute magnetic measurements, have 
been employed by various authors to explain the fundamental structural 
elements of the earth 1 s crust. Thus N. N. Trubyachinskiy in 1934 
determined the connection between the direction of isogonics (lines 
of equal inclination) and the course of geosynclines. In order to 
clarify the structure of the pre-Cambrian foundation of the east 
European platform, A. D. Arkhangelskiy made successful use in 1941 
of the map of magnetic anomalies in the European portion of the 
USSR, compiled on the basis of absolute magnetic measurements 
set forth approximately on a 20x20 km graph. 

The practical significance of large scale survey in establish- 
ing the course and contours of geological structures is generally 
known and is confirmed by all past experience in magnetic survey. 

Magnetic charts compiled on the data of aerial magnetic survey 
constitute valuable data for the solution of the questions under 
examination, as they are always compiled for large areas and equally 
•paced routes and for uninterrupted measurement of the field for 
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Dot o:rm in -it. ion of the* cour =*> of -nrh rocks, distinguished 
:’T*oni inorusivo' rocks, by their mxu on ic properties, is not particular- 
ly di t / xcu.l. b ill.- the dimension of the body a. ion r tin; strike is 
several times- as largo as the distance between survey routes and 
the direction of the latter i'urnis a significant angle, approximating 
a right angle with th* strike axis. This is o direct conclusion from 
the data in hi gu ro ]v illustrating a fieicJ over the area of dis- 
tribution of highly metamorphosed ancient rocks, containing rocks 
of high magnetic intensity. The methods of determining the contours 
of magnetized bodies (in this case their visible thickness) require 
a mathematical foundation. 

Let us examine the. simplest case, in which the magnetized 
body takes the form of a vertical stratum the thickness of -which 
is 2b, t We will consider the distribution of the body in depth to 
be large relative to the depth at which it is located, while our 
concept of depth will include flight altitude, 

. Employing the familiar formula for a field in a case of 
direct magnetization, which is 


. Z = 2 I |arc tg ■—? — arc tg , 


let us find the first derivative of the function of Z In accordance 

with x. The curve 4^- will have one maximum and one minimum, the 

ox< ’ 


' 
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abscissas' or which may be found if W« Into: '0 V Solving the 

equation, we find its real roots: 

jc» ~ 4 — A* + 2 y + A* + *#) . 

-ir‘ ~ 

Assuming that h^b, .we ho rive tho approximated value of the 
abscissas of the extreme points, on tho curve 

If b^>h. the approximated value of the abscissas for this point 
will be x^±b. However, if h>h, then we will obtain, accordingly 
b % +jA*. From this it follows that the lateral boundaries 
of bodies of the desired form are determined by the location of 
the extreme values, which, as we know, correspond to the location 

of the points representing the breaks in the curves. If the distance 
between the abscissas for the points • constituting the break are 
significantly greater than the depth of the stratum (including the 
flight altitude), the boundaries of the body may be determined to 
ap accuracy close to that of the graphic method of finding the 
points representing the break in the given curve. However, if the 
thickness of the body is less than the flight altitude, the boundaries 
are determined only approximately. 

The conclusions drawn for tho special case of the symmetrical 
curves Z may be employed to de.line d the contours of the magnetized 
bodies and for assymetrical curves as well. This may be proved 
without recourse to the mathematical analysis of the complex expres- 
sions determining the Z fieXd in oblique magnetization* 

If we are given the Z field overman inclined stratum the 
thickness of which is 2b, the expression -^-4* W be regarded as 
tfie vertical component over 2 strata, the distance between which is 
* 2 b, formed bv the. real side surfaces of the stratum and the surfaces 
parallel thereto, displaced to a distance of Ax, while the intensity 
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of their magnetization hag exactly the inverse signs (Figure 18 )• 
Ignoring the slight shift along the x axis of the largest values for 
the gradient relative to the upper edge o f imaginary thin strata, 
it is possible to obtain an approximated idea of the contours of 
magnetized bodies by employing the maximum and minimum of the 
function — or, what amounts to the same thing, the break points 
on curve Z* Thi$- is fully applicable to assymetrical curves as well. 

It is obvious that this method is no obstacle to very gradual dimi- 
nution when the shift in the break points is considerable. However 
the very effort to employ this method is unsuccessful in view of 
the practical impossibility of finding the break points on the drop- 
off side of the. body. 

The possibility of employing magnetic measurements to deter- 
mine the borders of the upper edge of a body dropping away very 
gradually is entirely depend en t upon the expressiveness of the Z 
(or AT) curves above the portion where the upper edge terminates 
and the side surface of the inclined body begins. 

The limited distribution of inclined bodies in depth 

d 7 

naturally tends to affect some shift in the extreme values o.f 
relative to the projection of the boundaries of the upper edge to 
the plane of observation. However this displacement cannot be very 
large. Let us assume that the body shows some slight distribution 
in depth. In this case imaginary bodies cut into the side boundaries, 

d'Z 

the field of which is expressed by the formula ~r* — A x > may be regarded 

0 x 

as cylinders. In this case the angular displacement of the Z maximum 
relative to the axial line attains l/.3 of the angle of slope of the 
vector for intensity of magnetization, which may be ignored in 
approximated determination of the boundaries of the body. 
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For purposes of more exact determination of the boundaries 
of the magnetized rocks it is possible to go over to the use of higher 
derivatives* This question will be examined in conjunction with 
problems of calculation of depth# 

Retaining to Figure 17 9 on which the course of the magnetized 
rocks is distinctly visible * we are compelled to conclude that deter- 
mination of the thickness of the magnetized bodies is impossible in 
the given instance due to the small width of the anomaly and the 
inadequate accuracy of the measurements* The survey was made with 
a Z aeroraagnetomater with an error of the order of 100 gammas# So 
large an error rules out the possibility of reliable determination 
of the points of inflexion on the narrow peaks of the Z field* 

Let us examine another example , based on use of the T-aero- 
magnetometer* Figure 19 shows the AT field for a relatively s m a l l 
area of Western Siberia* The course of the structure, determined 
by the direction of the axes of the magnetic anomalies* leaves no 
question for doubt* As far as the contours of the rocks constituting 
the magnetic anomalies are concerned* they are determined with 
sufficient accuracy by means of points of inflexion in the AT curves* 
as shown in Figure 19 *. In following the axes of the anomalies and 
the contours of the magnetized bodies it is necessary to take into 
account the possible displacement of the anomalies due to errors in 
orientation* so that it is not necessary to adhere too strictly to 
the abscissas for the points of inflexion on each trip* 

The question as to determination of the contours of magnet- 
ized bodies is resolved easily for cases of simple anomalies created 
by Isolated magnetized bodies or formations including magnetic and 
nonmagnetic rocks succeeding each other at intervals that may he deemed 
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gradient, with oubsequa, t ompjdyq mi of tlje abscissas of 
the extreme values of the curve to arrive at approximated location 
of tne boundaries of the mayns tizs J bod i 


Tlie inaccuracy of the determination of 'the boundaries in 
the s4n instance is due to disc], cement of the extreme values 
possibly as a result of the body being in an inclined position, with 
oblique magnetization, and also due to the superimposition of the y 
fisid of each body upon that of others. Hoover these displacements 
cannot be so large that these errors compel the abandonment of the 
method. In case of doubt it is always possible to check the correctness 
of the profile arrived at, after the depth of the stratum has been . 
determined, by calculating the field for the profile determined and 
checking this against the observed data. 

- figure 21 illustrates one of the curves presented in Figure 20, 
and the curve for ~ZgT is plotted. The curve of the gradient 
determines .the boundaries of the magnetized bodies more exactly. 
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although they may be found without plotting the gradient curve *07 
direct employment of the AT curve as shown in Figure 20. 

The same drawing clearly reveals anomalies, small in area 
but significant In intensity, which in the given example happen to 
be formed by trap rock. The small scale on which the given survey 
was taken renders it impossible to determine the contours of the 
individual small bodies but the scale is adequate for ready determi- 
nation of their zone of distribution. 

It is unnecessary to extent further our selection of examples 
from aerial magnetic survey as performed in practice to illustrate 
the clear reflection of the course and contours of ma^etized rocks. 
Let us now adduce examples of a different type, covering conditions 
in which contours of nonmagnetic or weakly magnetized roek3 are 
identifiable as a result of changes in the magnetic field over the 
surrounding rocks. Figure 22 shows the Z field over a portion of 
Western Siberia. Here small anomalies over enriched magnetite rocks 
in the midst of trap rock clearly mark off the borders of an emergence 
of ancient rocks, over which we note a uniform and slightly elevated 
field. Figure 23 illustrates the geological structure of this area. 
Figure 24 shows the identification of a granite intrusion by changes 
in the Z field in the contact so ne and Fig-ore 25 identification of 
granites by the elevated field above the surrounding rocks. 

The examples adduced illustrate well known conclusions from 
the practice of aerial magnetic survey, confirming the fact that it 
is possible to determine the extent and contours of geological 
structures* Further elaboration of the data of aerial magnetic 
survey simultaneous with calculation of the depth of tho top of the 
magnetized bodies makes it possible for the contours of bodies 
established to a first approximation to bs'&fjendered more precise. 
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a. Determination of Death of Oc currence of Maanetigad Bodies 

Tfre problem of determining the depth of occurrence of the 
tops of magnetised bodiee ie of fundamental importance in magnetic 
survey and most particularly in aerial survey. Correct solution 
of the problem of the depth of the upper surface provides very 
valuable data for the general geological interpretation of the 
findings of aerial magnetic surveys and opens the way to the deter- 
mination of such other characteristics of the occurence as thickness 
and angle of dip, and In some cases for approximate determination 
of the depth of the lower e dge of the body and, finally, the average 
intensity of magnetization of the rocks. It is natural that the 
major efforts of many researchers have been directed to the solution 
of this specific problem. The results of this research have been 
the advancement of a number of specific methods for the solution 
of the problem, ranging from simple graphic methods to methods 
requiring complex mathematical calculations. 

None of the known methods of solution is universal and 
applicable to any and all specific anomalies. Successful utilization 
of the methods developed to determine depth demands careful preliminary 
examination of concrete geophysical data and allowance for the geo- 
logical environment so as to determine the most satisfactory solution 
under the given conditions. Mechanical adoption of any single method 
to all the anomalies found by surveying would lead to crude errors 
in the geological conclusions arrived at* This is particularly true 
of simple methods of calculation not requiring any considerable 
expenditure of labor, which as s result have come into widest use* 

It does not follow from this that staple methods should not find 
application in practice* On the contrary it is essential under all 
circumstances to seek to reduce the labor outlay on calculation, and 
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complex methods should be avoided whore a problem that has arisen 
may be resolved more simply* Here we emphasize the necessity for 
compulsory Investigation of the applicability of the selected method 
of resolving the problem and the choice of that method which is 
capable of providing the most precise solution of the problem regard- 
less of the complexity or simplicity of the method* 

Calculation of the depth of occurrence by means of the data 
of aerial magnetic survey differs in certain respects from calculations 
based on the materials of survey made at ground level. 

The absolute error in the calculation of the depth of occurrence 
of the objects of Investigation increases in accordance, with the in- 
crease in flight altitude due to the reduction in the absolute inten- 
sity of the anomaly and consequently the Increase in the relative 
error of the measurement. 

Ihe calculated depth is the sum of the flight altitude and 
the real depth of occurrence, while the practical depth is that 
measured relative to the earth 1 s surface. We obtain the latter by 
subtracting the flight altitude, but the accuracy of the latter will 
be the less satisfactory, the lower the actual depth of occurrence* 

Let us assume for example that at an altitude of 300 a the depth 
of occurrence Is found to be 300*10 m* Relative to the plane of 
observation, determination of depth to an accuracy of +10$. may be 
taken as satisfactory* However, when the depth of occurrence is 
thought of relative to the earth* s surface, one obtains a result 
the practical value of which is hi^ily dubious* However, if from 
the same flight altitude the depth of occurrence be found to be, say, 
1,00Q*100 m, with the same error of 2 ^ 0 %, then recalculation to find 
depth relative to the earth* s surface will yield 70Q£LOO a* Consequently 
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satisfactory results are capable of being obtained relative to large 
objects at considerable depth* However* as concerns small objects 
found at little depth relative to flight altitude* measurements at 
the earth’s surface are required to increase the accuracy of the 
solution of the problem* 

The simplest methods of calculating the depth of occurrence 
of the upper surface of magnetized bodies are graphic* They include 
the long familiar method consisting of finding the points (or limit- 
ed areas) at which intersection occurs between the direction of the 
total T a vectors, these loci being taken to coincide with the top 
edge of the magnetised body* The applicability of this method is 
limited to strata of limbed thickness relative to depth of occurrence 
but covering a considerable range of depth* The method is uniformly 
applicable to vertical and inclined strata, with direct and oblique 
magnetization* Depending upon the real thickness of the body, the 
depth of occurrence found in this way is always somewhat greater 
than the depth of the upper edge, in accordance with the location 
of imaginary ”polar lines” within the body* Whether or not this method 
is applicable is revealed in the course of its utilization* In order 
to apply this method to the results of aerial magnetic survey it is 
necessary first to calculate for the known AT field, taking the 
latter to be in indirect magnetization* 

A method based on the proposition that the depth of the top 
of the occurrence is equal to half the distance between points on 
the Z curve, when Z ■ 0*52 jaax , has found wide dissemination* 

This proposition is entirely applicable only in cases in 
which a symmetrical Z curve is encountered- in connection with a 
vertical stratum of considerable length, limited thickness (relative 
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bo depth), and considerable distribution in doptb . Consequently the 

use of - the 'method is proper only when the 'magnetized body is of a 

shape similap to that indicated. Under ail other conditions the 

h 

relationship ‘thus examined is out of place. 

Yu. N. Grachev has propps id a graphic method of resolving 

? 

the problem, taking into account the horizontal dimensions of the 

body in a direction perpendicular to its course. Tangents are drawn 

to the Z (or AT) curve, as follows: one, parallel to the x axis and 

at the top of the curve, others to ohe points of inflection of the 

right and left arms of the curve, and, finally, tangents parallel 

to the x axis, and touching the right and loft minima. From the 2 
i ' 

points of intersection of the sloping tangents and the upper horizontal 
tangents, perpendiculars are dropped to the lower horizontal tangents. 
Then, in accordance with the signs of the abscissas for the points 
of intersection of the tangents shown in Figure 26, the depth is 
calculated on the empirical formula 

h = y |y (*i “ x *) - l _ y ( x 8 ~ **)] • 

.• Application of this formula In approximated evaluation of 
depth are limited tp cases of vertical and near-vertical strata 
of large variation in depth. The err^r increases very sharply with 
increase in angle of dip or redact i n an the size of the body with 
depth. This method has come into v/l.de use by aerial magnetic survey 
teams. Mo fault can be ’found with it when it is used critically for 
preliminary general determination of the depth of occurrence of magne- 
tized bodies. However, aerial many 3tic lata of high accuracy permits 
more stringent analysis than the f- re going and consequently more accurate 
calculation of depths and sometimes of other characteristics of the 
occurrence. 
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In recent yoars a number of writers have proposed graphic methods 
consisting of comparison of the observed Z or H curves with the 
theoretical curves calculated for groups of bodies of large area, 
with changing relationships among the linear dimensions of each 
section* All the methods proposed up to this moment involve the 
utilisation of symmetrical curves only* these methods are set forth 
briefly in a special section hereunder* 

Hie graphic method of detemining depth of occurrence by 
plotting the magnetic spectrum, which would appear to offer good 
prospects, has not been worked out to the state at which it can 
be recommended for widespread use* 

In the majority of works of most investigators one encounters 
examination of the possibility of analytic calculation of depths 
In addition to the methods, treated elsewhere, of calculating the 
depth of occurrence of isolated bodies of simple foms by means 
of analytical equations for a field corresponding to the hypothetical 
shape Of the body, various authors have suggested methods for calcu- 
lating the depth of occurrence of bodies of more complex forms by 
plotting the integral functions of fields 2 and H* Among these is 
the method advanced by A® P* Kazanskiy, described in detail in the 
literature (193^, 1936^, 1950), and proposed for the purpose of 
calculating the coordinates of the center of gravity of the cross- 
section of a greatly elongated or triaxial body* Ihis method is 
not employed in practical aerial magnetic survey because the depth 
of occurrence of the center of gravity of the section is only rarely 
of practical interest* In addition the applicability of methods of 
integration is highly limited by the fact that they have been developed 
for the special case of vertical magnetisation and always demand 
employment of data on the profile of the field, the length of. which 


- 
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A si, mi Clean b modi.. fi cation nropn •• 1 by G. A. Gamburtsev 
(1938, 1940) for the purpose of calculatin' the depth of the upper 
edge of the deposit in terms, ^ " Uu- field of.au imaginary body 
constituting- a shearing of the upper surface (the "difference" between 
the. real body and the same body sub jected to slight displacement 
along its vertical axis) has also failed to contribute to the intro- 
duction of methods employing integration, as the limits to the appli- 
cation of these methods, consisting in the requirement that a parti- 
cular case of magnetization be employed and demanding that the profile 
be greatly extended, have not been eliminated . 

B. A. Andreyev has proposed a method of calculating depth 
which is founded on study of the changes in a field determined 
beneath the given plane (cf. 1951, 194B, .1950)* M- 3 method is 

worthy of special attention as it does not require prior determi- 
nation of the shape of the body. However the criteria proposed by 
\ 

the author for determining the depth of the top of a body by changes 
in the field at the boundary between media of differing magnetic 
properties has proved inadequate. Consequently it is not now possible 
to recommend this method in its present form. 

Later works by the same author, envisaging the finding of 
the "maximum distribution of the field" and noting tne coincidence 
between the latter and the upper edge of the body, are applicable 
in limited instances where there are strata covering a wide depth 
interval, magnetized in the direction of dip. 

T. N. Simonenko (Roze) has proposed a method of approximated 
calculation of the depth of occurrence by means of the ul timate value 

of a function in the form of ... 

lim Jc*Z r £„ = 

. < . ' 

. b 1 
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■in which h is the depth of oecurr-.-nc - o 
tinted' body of Impm extent, cover inr a 


i s bh id on of, by o f; b i j - 


upper oh ye of a maf-me- 


ijiterv.il, while 


poor- portion of a 


section through the body, 


(c f. Log >ch>v, 1951) for the 


case under exam i ri n t i on 


•id. lovri ng expression is valid 


Zdx == 


Employing this equation, the author of 'the method in question provides 
the following formula for his calculations: 


Study of this formula and of the experience acquired by its 
employment in the elaboration of data obtained by aerial magnetic 
survey confirms the possibility of obtaining sufficiently satisfactory 
results by wa y of a first approximation. 


On the basis of study of the applicability of various methods 
of calculating the depth of occurrence by means of the Z (or AT) 
field, we may draw the conclusion that, in instances of simple ano- 
malies, when the anomaly above a specific body is not complicated 
bythe effects of the fields of other bodies, depth of occurrence 
may be determined by a variety of methods* However in the case of 
complex anomalies the problem often becomes insoluble. 


From the theoretical considerations confirmed by experience 
gained by the use of various methods of calculating the depth of the 

top of an occurrence, it follows that where complex magnetic anomalies 

: i ■ r ’ 

are concerned the* best results are obtained not with integral functions 
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but with higher derivatives* In the latter case the effect of the 
more distant magnetic masses declines with relatively greater rapidity* 
with the result that the magnetic field of magnetic masses close nearby, 
such as those which are attributable to the surface of the magnetized 
body, emerge in sharper relief. In connection therewith, we shall 
hereafter devote our main attention to methods based on the employment 
of the higher derivatives of the magnetic potential calculated on 
the measured values of the Z or the AT field, in addition to our 
consideration of simple methods of calculating the characteristics 
of occurrence for isolated bodies* 

Q* Calculation of the Characteristics of Occurrence of Magnetized 
B odies of the Simplest Shapes bv Means of the Analytic depression 
for Field Intensity 

If the intensity of a known magnetic field over a magnetized 
body is capable of expression by a mathematical formula, the parameters 
of which do not appear in explicit fashion, the possibility exists 
in principle of calculating all the parameters, as the known distri- 
bution of the field over a given surface makes it possible to work 
out the necessary number of equations. The practical possibility 
for the solution of the problem depends upon determination of the 
value ©f the field at points the us© of which would yield simple and 
readily soluble equations* 

Equations of this type have been found for bodies of the 
simplest forms (Logachev, 1951) and ready formulas have been compiled 
for calculating the characteristics of occurrence, Thess formulas 
envisage the employment of values for the field at points which may 
readily be plotted on the plan chart* 
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The difficulty involve! in t) 


oyment of prepared formulas 


lies in the fact that their employment requires • preliminary determi- 


nation of appropriate models of the simplest forms, similar in form' 


to the real body giving rise to the anomaly. It is by no me an 3 always 


possible to meet the condition satisfactorily, while the error in 


choice of model and of ready formulas corresponding thereto for purposes 


of calculation involve the possibility of wide error in determining 


the characteristics of the occurrence. 


The methods of solving problems as to the depth of occurrence 


of bodies of simplest form have been sot forth in the journals and 


textbook literature. Here we shall only present certain general 


considerations and supplements. 


In the employment of ready formulas for calculating the cha- 


racteristics of occurrence of magnetized bodies limited in extent, 


the first problem that arises is the permissibility of employing 


formulas derived for bodies of infinite extent. A relative approxi- 


mation of the dimensions of bodies depends upon the depth of occurrence, 


as, in aerial surveys, the "depth of occurrence” increases, and it 


is thus necessary to use some other basis for scale in determining 


dimensions. 


Let us find the expression for the Z field along a line x 


over a vertical stratum of limited thickness and covering a large 


depth interval, the. dimension along the long axis being 2 1. This 


condition requires that in deriving the formula a substitution be 


made for the limit if integration along the long axis. Instead of 


the limits being from 0 to l/2^* it is necessary to employ the range 


from zero to a rctg — 5 


fh* + x* + /*» 


As a result we have 


Z—Z oo * 
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in which ;^oo is the value of t when f == oo, : •mi h is the depth of 

occurrence of the upper edge. 

With 1 unchanged, the multiplier declines as h and x increase, 
given Z CO. Let us consider a deviation of 10# to be permissible. 

Let us findj subject to that condition, the criteria within which 
the concept of infinite extent is permissible. 

At a point x « 0, that is, above the middle of the stratum 
/ / 

Z ^ Z oo/A3 + /*» from which, assuming ^-~>0,9, we find J > 2A . 

In other words in order for the difference between Z and Zqq not to 

exceed 10# in the region of maximum values, the dimensions in the 

direction of- the long axis must be U times as great as the depth of 

the occurrence. 
s 

If the course is infinite the isoline Z=l/2Z passes at 

max r 

a distance of x = h. Let us assume this relationship to be maintained 
approximately for highly elongtl r! bodies o 1 ’ finite course. In order 
for the Z field to differ from the Z qq n iaJd >1 points x = h by not 
more than 10#, the expression /> 3/i. must be satisfied. 

Let us plot the contours of the isoline Z * l/2Z . The 

■ max 

longer axis of this contour is approximately 2 1 and the smaller, 

2 h. As a consequence it is necessary, in order for the inequality 
to be fulfilled, that the axial ratio of the contour under study 
exceed 3. 

The ratio between the axes of an*oval contour makes it possible 
to make use of the values of ‘Z along a line x passing above the center 
of the occurrence, within the contour Z - i/P.Z^.^, with the assurance 


that any value of r Z>® ffll , diffe rs from the corresponding value 
of Z qq by less than 10#. 









' '- n r 1 ' 1 ’*•' i ,r! ' ii, b.:rom«:i riocess-ury 

1.0 tu-ikts of o!i 1 ! I ' ' r for !! i, i,o find the par- 

missible frat \ o 'or the ■ dees o' Lb .* cv : .j oca Lour of the co 
i sol it i :'■? * ,l*o r example i n usbi r: tbo Uouiue Z « 0,22 
* * 2h * LhmL is, the axial ratio must exceed 

/i «5* 


corresponding 
- n . ir , in which 


i«. the oorl.y is •/cry tiuck, bus the thickness does not exceed 
its depth of occurrence (allowing for Plight altitude), the axial 
ratio thus .determined increases slight.] v. 

With bodies covering only i small interval in depth, the 
axial ratio declines, assuming the same permissible error. ; 

Generalizing the conclusions arrived at for bodies of differing 
section, it may be taken as a general rule that, in order for formulas 
deri/ed. for bodies of infinite ext ont to be applied, it is necessary 
for the axial ratio of the oval contours of the isolines employed 
to be not less than k to 5-1. " ./hen this is the case, the centered 
profile is employed for the calculations. If the axial ratio is larger, 

one may employ several profiles, separated from the central by a 

? .. % 

distance not greater than the section which is ruled out in the extreme 

case of axial ratio. When the ratio is smaller, the use of formula 3 
suited to infinite extent is only possible if corrections are made 
that are calculated for concrete conditions, or if formulas are used 
which are derived for equiaxial bodies. 

The magnetic field Z of equiaxial bodies are characterized 
in plan view by concentric isolines for positive values surrounded 
by a weak negative field, vertical magnetization being assumed. 

Finding the center of such a body and its magnetic moment presents 
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Hu; .t..i t. rrrtur- of for*:; no chin-'; os c • * *1 cul at ' »v c: rar f •> i g 
of oocurreioa j.i i,\n cam of nh i.ijua err-; : tic j 0 n. To ' , c t lr , ; n 
if vc\ui a:d 'ii bod i. . \s nr- '-nor nnf.-r.ri they - j h > ■•symmetric;*'! 

L ; 'i”b.ds land Ai d \l h$ nd n- nv • ; trio re m, ;ym jtri m] ). Tnn " 
reticnl (or A 0 i,e 1 d occurring » n ob 1 j ;<v r.ntio'l rv^r 

body of .ophoricn] shape in i Iboirutri in figure 27. Lb. m ind 
7,0'ro a mot hod of 'findi ng the ha.u/h of the center in on so where 

f i a . 1 . d i Pi ( 1 i g L r i b ut a d ; s ■ r 1 1 > f r i r • ■ 1 i - . 


issyai >tri cat i v . 


the AT field In direct moynol i cat ; »;>■ \ ) c> 
along a line pn.3s.viy through the • vdoont 


— •- body Oi' spherical fvyo 


on the following apnea nine a (loaacbrv, 

rr M Xtn . , _ v . . _ . 


^ ~ (tv + ^2)5/2 K^ 2 “ **) sin / -f ?hx cos i cos /!], (9,1) 

in which h is the depth of tin center, M i •> the may! vatic no 
the body, A is the magnetic •airnt/i of the chosen trend of 
and i is the any], a of inclination o. p the T '/actor, 'inn art 


of Z are found from the mm t ion -y- n- 

1 fir — u - 


h* cos i cos A — 4 h z x sin i — 4 hx 2 cos i cos A y- ;c 3 sin i = 0. (9,2) 


Making use of thb c iC t than !.ha y •\bcci 
by- is small relative .to thy depth and rbsci sens 
for Z, let us divide equation (9.2) by h\ a- ■ lie 


and third powers o° the v 

'an • 


h cos i cos A — 4 x m sin i = 0, 

f rom which wo find 
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},h 3 r ri-oni to , oit j ,tj tisl-^oj r, :>.cm ;c n to < : > : 


' jC| ~ x m^P\ X \=P + X m’ 

x m x 2 “ *?» ” V !’ ■’‘mi 


from . hi ch *n obi. . in 

A,-|-x, — 2x n =p-q. 

In :icoord:.Uiv; will, i.* :n.i ■ ... 1 bh o root- of -niu • i i on ' 

( 9 -:): 

x,^-x,= l2x m , ! 

•md pons ' jiu’nt..!.:/ 

1 0x m -=/> — q. 



h — 0,7 V pq — 0,1 1 



poi.ot ; J - •' Vi , - . , V- t 1 j P, P \ • ! o i . ^ - 
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the foiWni meld 


io' 1 o' sol ut.iori 


somuly and for 


f ’inding the origin of* tif coordinates re) at ivo to whicii trio Z (or AT) 


curve . is .divided ' into curves of hai. r fh .■ ■sum.'> 


differences 


is t ho curve for 


r the total v ictor T a =)f Zl~\~H 2 a . If the yiv 


1 von •momi.i.y 


corresponds to the condition that! thorn bo no inclined stratum of 
'-great distribution in depth, then the P curve will In symmetrical , 
and' the origin of the coordinates will he at point T - T ... . 


Symmetrical Z (or AT) curves with negative • values on both 
sides of the hand of positive vil no 3 provide the basis, for .the 
assumption that there be -1 verti cal stratum of .limited distribution 
in depth, a special case of which is re body approximating a cylinder 
in form. ' * 


In the former case thi problem is resolved simply, if the 
'thickness of the body is less than the depth of occurrence and sis 
nificrmtly less than its dime- mines doay to 1 dip. lit" : .'o Llowi ng 
equations are .among thos .; o n oh m .7 b.- no ;d: 


R = 0 ,7~ l , l = x 2 ; h=R — l, 


in which d is the -depth 0 " occur 


lino of the 


stratum, 2 1 is the parameter bong the dip, h is the depth of the 
top of the body, x-j is l/2 the d is fence between points at which 
Z - 0, and x 0 is 1/2 the distance between points .,t which Z = 1/27^ • 


The bo nation for errm ni n c 


r rived ,st by convert in a the 


analytic: expression for the abscissa o’’ the point at wMv 


' max 


f%2 1_ /J 

and calculation of its approximated value x 2 — If the 


section of the body in the pi ;ne 


licular to the lonp axis is 


practically equiaxial ■ (the t is, circular), the center o r the circle 


is found easily be rnruis 
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Iosya, ethic J t (or A' 5 ') 


sides of* the positive v-< hy;.;, 


th n r of I'- r'! n vo.il, 


?t/i r, ?d body, i,b< 


cv] indue. 


ebj i;nd y magnet izea 


i'h so.! uti on s found uy the 'Utbor ,ox 


the cases under diamw si. on 


' (see Logachev, 1951) may b> o 


> j in.! ted appl i o: •bill, by ore aur 




>ints necessary Lor uru 


rmuj n s advanced . 


Belov-/ wo shod .: ryco^i : 


Lion lot' lire pr 


problem of med i.ned 


strata by means of derivative jeurv ss. As far as the o (or A i) curves 


obliquely magnetised cy*. rv.or 


circular section r j concerned, 


thii fqll o 1 / In g Tiue idiot 


the vercic •’ 


from the initial cylinde 


perpendicular to its 


equal to the unit employed 


for me a su re m on t o f Ion g th . 


In Section h we ' found that the abscissa Pf' X is determined 


by the equation 


Xm=-i h{ 8 V' 


•in which ft is the angle of inclination from the vertical of 


the vector 


magnetic intensity. 


Let us find the no in 
the x axis, for which pa run,: 


the 7.1 curve wi vn 


= 0 in .;:,i),non (k.Y ). 


Thus we obtain the t f'. 


k* - x % — 2/t.x ig P = 0. 
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>)ub;jU tutina ('ll:; V.lllK: 


fiction (9.7) -.into 


equation (9.7), vro 


x 2 — 6xx m — A* *= 0. 


I’Vcm this it would be possible bo find h if the. graph show 3 c 
>r the . coord i .ns ten coriaaspouri.ing to the epicenter of the 


the origin 


section of the cyl 


• cy.l. Lndor. uov/ovar the gr .pb only provides the distance 


m values of 


esignato as p and q. 


Inus we 00 tain 


Xl-Xm^P'* X m -Xtys=q. 


On the basis of the r 01 so nine advanced in examining- the 
question as to the location of the center of an obliquely magne- 
tized sphere v/e arrive at 


h=Y pq- ^ (p-q)'. 


Th'3 depth of oecurrenc e of file axis of the cylinder of 
circular section my also be found by separating the asymmetrical 
curve Z, or AT, inter tr/mmslricnl and s s yume t rl cal parts. 


Employing equation (r.,11 ), describing the field above an 
obliquely magnet iced cylinder, let us r ono ve the symmo trical portion, 
plotting curves for the half sums and half differences of Z in accord- 


ance with the values of Z at points equidistant 


from she origin of 


the. co ordinal-. 


Z, = 1 {Z( + X) + Z{ - A-)] =2 M cos p ~ ; (9, 1 1 > 

Z, =i[Z( + U - Z( - A)]=2Mslnp (F 7n ? . (9,12) 


aquations (9.11) and (9-17) si: 


at ion a Z and H 


over a cylinder cn d i 


con 3t-anf, mu i tipli e rs si a t 


of the Z-, end cur 


a on ouv ov the presence of 
‘ ‘ f ; 

f3 > ted consequently, the shape 

V'i to f c r.d the depth of occurrence h. 
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• Th* ' uxlr. of syifgobry in terras o v/lil.cf • i.h : cu rvus' of half 
sums and- half differences are developed, is found by • r acting the* 
ci ii' vo for the total If vector, for which if Is /necessary to cn|l cul ate 
the II curve at tho outsail o > the. given Z. The location of the T curve 
maximum ■ determines the origin of the or ordinate? in tern:; of which 
the and Z 0 curves are plotted. 

In certain cases, s p oration of the symmetrical portion of 
the curve is possible also for inclined strata with small distribution 
in depth and little thickness, 2b, r dative to depth of origin. 



If magnetization coincides in direction wi. th the dip of the 
stratum, the expression for Z takes on tile following appearance: 


--212b f-j eiL 

. &} •+ (* + 


/cos/) 3 /?2 + (a — - /cos/) 2 J 


(9,13) 


in which h-^ and h 0 are the depths of the upper and lower boundaries 
of the stratum, 2 1 is the length alone the dip, -nd i is the ancle 


o 

By. examining cases in which the i. angle differs from 90 by 
not more than 30°, it becomes possible to simplify expression (9*1-3 ) 
after it has been reduced to the common denominator, the relatively 
small terms of the latter, containing cos I, being eliminated • 


Thereafter the 'symmetric ,al and a symmetrical portions of the 


curve; take on trie appearance 

Z, -j|Z( + *) + Z(-x); ]-2«» . 

z, - 4lz< + x) - a - x)| - m C„ 


in which m - 2b *2 11. 


( 9 . 14 ) 

(9.15) 


am. it ions (9-'U + ) :,rri (9.1?) rsprc^.tt curves si'9 lar to enrvaj 
2 and H over a vertical strafuSi of the same me tier., the centers ci 
sections -through Incline, i .and -art ic 2 car s • coinciding. The ratios 
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of’ aim J \ tudo ir * '*>;pr \ ccor H ugly by -the factors .sin i. and con i. 


"he origin o f in ; coordinates 


set nt a point constituting 


tun projection of the conto v * of the croco-section. along the line c 
observation n - Ttv U point my be found by projecting the 7 curve, 
which will hove it;> >rt«.<bnu:n -it the origin of the coordinates. 


. Calculation of the depth of origin of 


’ s o the f ie.lt 


of which is ehuracte rised by sharp v nr Li lb on :J ong the borders of 
' the massif, may -be carried put on the oasis of -die L {or AT) curve; 
as follows. If 'the extreme vl’ios of Z _ ; r and Z are equal and 


equidistant, ,<£, from the poi n t at wh ich 


•/h Lch Z ~ 0, the ;c abscissas 


dl he related to depth 


ipper, and to depth h 0 of the lower 


surface in accordance with the following expression 

1 * = *,*,- ■ 0,16) 


In order to derive the second equation 


which relates tl 


h and h 0 depths to the abscissas of any points whatever on curve Z 


by means of a simple equation , we • set up an 


in. the form Z = l/fZ 


employing the Z curve as an analytical expression,. The simple appearing 
equ-itio i derived there form is solved Ko-yther with e s' '■ u:u (l.lo;, 


rem which m obtain 


A 2 hi — (X/c “1“ ’*■*)('*'* ~l~ ^9 ' ^X K X 9 ) 


in which ux, designates the absciss is of the points at which Z=±'liZ 9 


There will, be Q such point 


,one of positive and negative vain- 


rhile derivation of h n - h-, in a; 


l ni i f Q ‘1 pi 1 ; a 


: -pi ally possible for any of th< 


Knowing the oroduot nrv : 




isy to calculate the value of 3- ch 


tudy of oq- 


f equation (9 •I' 7 ) -'’.own th” t the v-Xues x 2 K - x*. 


and 4 'Xi >:--4 - re very similar, 


car o. wrier, wet an 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81 -01 043R0009001 00005-2 







Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R0009001 00005-2 


a 


/ 



vhi.ch £ u to the po ».n l .■•it wb' ,U 7 ** .0 
from the .wiub where Z ~ 0 bo flpM.t wh- * re; ■ 'Z 


s/’'i!.lo i 3 th" i : ■ 


of; the *hon!opr;;.!i] i b is taken- tfr.it; h 


I no nomogr.-Lm 


;n comoij ad only tor angles in whic 


and, c.orr !i A>po‘n finely,. lor bite ratio Z^iri However, il bne r.ituo 

on dor observation Is greater than • uni by, it 1 s neon so ary, in. order 
to make use of the surrestud noniopr an, to regard 7. '.. v . as Z . and 


irsa (that is, b< 


rerun re the signs of t.ho o 


rdinates of the curv 


After the decision for Mr* -.in. verted curve has been found it is necossar 
only to bake into consideration the fact that the angle of incline. tion 
of the plane of contact will bo. i 60 a, in which CL is a value taken 


from the nomogr-un alon.r 


averted Z curve. 


J hi:; nomogram i s useu as 


Let us find on the nomogram a point the ordinate of which 

-*| *0 

is the - z — ratio taken from the Z curve and the abscissa is the x 0 — x 2 
Mo w let us establish which curves r rom the (h- > -h 1 ) set end the CL set 
pass through it and arc. closest to it* Th e values bo-h-j and Qt, 
corresponding to the curves found, will be the solutions desired, 

h 0 ~h-| being located in the same conventional units an which ,h-jhp= 100 

s* 

is given. Knowing the depth differential .lr^-rp and the product of 
these depths, we find the value of the depths in conventional 'units. 

To convert the conventional units into a given unit of length, we 
obtain from the graph the distance between the extreme values d = 
in meters (or kilometers) and compile an ea nation for the calculation 
of the transitional • factor, fit ■ 




The rir»ht aide 


w 1 vd as. it- 
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difference between the roots of the equation (9*13)* Calculating 
the fJL factor, we convert the and h 9 values into a specific system 
of units* 


In employing the graphic method of solution in the proposed 
variant it is necessary to bear in mind that only 3 points are 
employed in practice, while the position of the middle point, where 
2*0, depends upon the choice of the normal field* Limited employ- 
ment of the points on the curve has a powerful effect on the reliability 
of the calculated characteristics of occurrence, in view of which 
the proposed method can be used only for an approximated determination 
of depths* More precise methods are examined below* 

The cases under examination embrace all the primary forms 
of the simplest bodies for which the simplest formulas may be applied 
for calculation of the characteristics of occurrence directly in 
accordance with the values of the Z (or AT) fields* It might be 
possible to add formulas for calculating the components of occurrence 
©f bodies similar in form to a vertical rod and t© a horizontal layer 
of limited thickness* However the need for formulas of this type 
is hardly ever encountered in practice* In the second place they 
may readily be derived in a fashion analogous to those presented in 
the textbooks* It is necessary to remark that the formulas advanced 
for each case under examination constitute one of the possible variants* 
Here we adduce either those that find application in practice or those 
that are simpler relative t© the equations presented abovee 


Determination of the characteristics of occurrence of magne- 
tized bodies by comparison of the observed field with fields of various 
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shapes calculated theoretically would be the simplest method of all, 
if it were possible to present in a reasonably limited number of 
graphs all the variety in the shapes of bodies and their position 
in space relative to the direction of the magnetised field# 

At present, summary graphs of the magnetic fields of various 
bodies of the simplest forms have been published only for the cases 
of vertical dip and vertical magnetisation, that is, for anomalies 
represented by symmetrical Z curves# This last circumstance very 
strongly limits the possibilities for the practical employment ©f 
the diagrams now at hand (more frequently termed templates)# A certain 
expansion in thoir zone of application is being effected by the ave- 
raging of the right and left arms of the assymetrical curves, which 
inevitably carries with it an increase in the error of the values 
found for the characteristics of occurrence® 

V# A. Bugaylo, N. A# Ivanov, T* N# Simoneko (Boze), lu# F® 
Tafeyev, etc, have worked on the development of these guide graphs# 

N# A® Ivanov (cf* 1951) has developed such a diagram for 
elliptical cylinders (Figure 29), for a compressed ellipsoid of 
rotation (Figure 30), and for vertical strata ©f infinite distribution 
in depth (Figure 31)* 

w_ Ivanovas graphs are employed as follows# 

The curve observed In practice along a line transverse to 
the trend of the body (or, where 3-dimensional bodies are concerned, 
along a line passing above the center of the occurrence), is laid 
out on the scale ©f the graph® This means that and the distance 
from 2^ to Z, equal to 1/2 2^^ , are taken to be such as they are 
on the graph employed® The Z curve thus laid out (or the AT curve. 
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If it is close to the symmetrical } is compared to the curves drawn 
©n the 3 given nomograms, to the first or third in the case of highly 
elongated anomalies, and to the second if the contours of the anomalies 
in the isolines appear to be nearly circular* If the practical curve 
in the direction perpendicular to the trend, and, if we are dealing 
with an ellipsoid, that passing through the epicenter, coincides with 
one of the curves depicted, further operations are performed t© deter- 
mine the depth* 

(a) The case in which the practical curve coincides, when 
rendered in the scale of the nomogram, with one of the curves for 
the elliptical cylinder* The index of this curve is n * z/q, and 
z *» nq in conventional units* The factor of conversion is equal 
to the number of meters (or other units) of distance from Z ^ to 
the point at which Z - 1/22^^* If the stratum is thin relative to 
its distribution in depth, then m(z-q) may to a certain approximation 
be taken as the depth h of the upper limit of the stratum* In this 
case the true depth of h must be somewhat smaller* 

(b) In the case of coincidence between the practical curve 
and one of the curves in Figure 30, on which the curves are given 
for ellipsoids of rotation, that is, when the anomaly is represented 
on the chart by m ©metric contours, the depth of the center of the 
occurrence is determined in the same manner as in the preceding 
instance* 

(c) Should the practical curve coincide with one of the 
curves in Figure 31, we find c by the supplementary graph in accordance 
with the corresponding value of n ■ h/e (the rati® ©f the depth ©f 

the upper edge of h to the horizontal thickness ©f the stratum c), 

and then we find h « no in conventional units* The factor ©f conversion /i, 
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■ ■ , , . 

is deto mined j.n the same manner as in • the first. case examined iLfyv 


Yu. P. Tafeyev (195O, cf) compil ed a nomogram Lor locating 
the ' parameters of occurrence of vertical bodies of largo long axis. 


and those of th : imp] * -t tri •aba 




jj thus sj nioli.fyi i'r live process of comparing the practical, ourv 2 with 
•the. theoretical (Figure 5f). 

The plotting -of the nomogram and the manner in which it is 
used consist of the following. t 

The Z maximum is taken to be. equivalent to a conventional 
unit, the depth of. thd top of the vortical stratum, to be unity (h « l), 
and all linear dimensions of the body and coordinates oL the points 
are expressed in Units of depth. Under those conditions, the iield 
of a vertical stratum 2p thick and of large distribution in depth 
takes on the following appearance 

Z arctg (*+ P) — arctgU — p) 

~Z ™ 7 “ 1 2arctgp 

and the field of a thin vortical stratum, in which the distance 
between- the pole linos is q, appears as follows 

_i±gf— L- l + q 1 

Z^IT" q (l+?)>+^l 


Curves with differing p and q values arc depicted on the 


Tho r.ub sc riots of n and q on the 


nomogram signify h unit s 


Th3 noaofiram, on tn«isluc.-mt is J.aM omr tho Z curvs 


mo/sd . parail'i] to thd ocordinoto ux*a 
viding the •best, coincidence between on 


3 until : a point is reached 


the Z curves. The point of intersection b 


the theoretical curves 
on tween, the axis of, the 





m3 


-rm&s- 



m 


m 


nil 


r.b&c.i sen of the Z curve with bh 


h depth on Ui 1 nomerram 


yields the depth of -occurrence? in whatever units ‘ have been used -to 
lay out the 7, curve* 'ifthb curve of the- nomogram •"which coincides with 
the Z curve is used to determine the thickness of a body of marked 
distribution in depth, or the vercic.;:/] dimensions of a stratum of 


thickness and re Lativeuy 


d i s t r .i.bu t m n i n dent h . 


In connection with th 


’t that aerornayriecdc survey 


reveals changes in field corr esponding to the boundary of large massifs 
or/ rocks of varying' properties, the present author has compiled a 


nomogram with thich to /.let 


the depth of the upper and lower 


boundaries -of the magnetic mass 1 f for the case in which the Z (or AT) 

curve has equal absolute values for Z and Z . , while the distances 
* max nun' 

representing the extreme values thereof, x , from the Z = 0 point 


are identical throughout ( 


(that is, a case of vertical contact 


The resultant nomogram (Figure 3)) is -based on equation 


x* a =h\h 2 . 

Taking h-^h^ « 100, we find x 9 = Hh 10 . The curves have been 
calculated for various vertical thicknesses equivalent to the dif fereri 
in depth, to wit, 99, k$, 30, 20, 10, 5, and 2.' All the curves are 
rendered in accordance with a scale on which Z , r numerically equals x 


In order to make use of this nomogram, one plots the Z or 
(or AT) curve, based on equal extreme values, employing the, scale 
used for the nomogram, and then, lays the nomogram (which is on trans- 
parent paper) over this curve. We find h 0 -hr on the basis of the 


coincidence with one of the theoretical curves. Given hyhp, * 10G, 

. we .find the values of h^ and h 9 in conventional units, to' convert 
them to specific units of length we find the conversion' factor fro 


the expression d:x 0 where d is. the distance • in meters or kiloraeto 
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between Z * 0 and Z ■ Z m , as derived from the given curve, while 


0 10* It is obvious that the set of theoretical curves for bodies 


of simple shape and direct magnetization may be compiled in various 


variants* Such curves may readily be employed for purposes ©f compa- 


rison with practical curves which are symmetrical or consist of 2 


branches, the ordinates of which differ only in sign. 


The majority ©f the anomalies found in nature do not satisfy 


this last requirement* Therefore successful and broad application 


of the method of comparison of practical curves with theoretical 


curves calculated for known objects require that means be found to 


depict the sets of asymmetrical curves for groups of bodies differing 


in form* 


11* Calculation of Characteristics of Occurrence by Values of the 


Anomalous Field at Various Levels 


The fact that it is possible to measure experimentally or 


t© derive mathematically the anomalous field at various levels greatly 


simplifies the determination of characteristics of occurrence and 


makes it possible to check the accuracy of hypotheses as to the shapes 


of bodies in accordance with changes in the field related to the altitude 


of the plane of observation* 


In making use of the values of the field at various altitudes 


for calculation of the characteristics of occurrence one must give 


preference to the calculated and not the experimentally measured values 


at the new level, as unavoidable errors of determination of the coordi- 


nates of the aircraft are capable of resulting in wide errors in cal- 


culating the characteristics of occurrence. 


Calculations of the field at a new and higher level may be 
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Carried out .to any degree . of accuracy, r -quir j<1 in practice, to be 


accord with the accuracy of. the. lull: 


rt a, the coot of the maths 


.mat leal work being cons id ora b iy do vr ?• r than that of experimental mea- 
surement. 


Only whan it is necessary 


to d etc marie 


the field in a plan 


lower than that in which the measurements have, been carried out in 
the initial survey. are d i rye o measur omen t s more valuable (i.t topp gra- 
phical ‘ conditions permit them to be made), - as determination of the 
field by analysis below the given plane presents the problem of the 
superimposition of significant errors. ? 

The practical value of data on the field at various levels, 
in cases where there are well founded hypotheses as to the shape 
of the body, consists in the fact. that the possibility arises of 
compiling very simple equations for the calculation of the geometric 
'parameters of the body. Let us clarify this by an example. 

It is knov/n that calculation of the characteristics of occurrence 
of can inclined stratum of limited thickness and distribution by depth, 
based on measurements in a single plane, presents great difficulties 
in view of the fact that the development of simple equations makes 
it necessary to use on the. profile, points of field values wnicri do 
not always occur' in. nature (see Logachev, 1951, chapter 44). However, 

■ if ws are possessed of means of calculating the field at a. new level, 
it becomes possible, for example, to make use only of the distance 
■ between those points at which Z = 0. If we designate this distance 
as d x at the lower level, where the field has actually been measured, 
as d ? - at^levsl h+a, and as 'at level h+b, vie compile 3 equations 

d ® cosec ? a (4 2 — J 2 sin*a), Ji 

d\^= cosec ? a[(/t -f a)* — / ? sln*a], 
d\ = cosec 2 a [(/i -f bf — 4’sin 2 a] , 
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. „(■ \.)i ' : mi dline o r the stratum, 

xn which h is the depth of qi.ci.ui • • 

. ' r ,;„ • a !■’ tit? -stratum's nng}a of 

pv] is its' along <-n - --w » I U ’ 

inclination relative to lir horizon. 


'solving this system of ^nations, v,e find: 

i (4-4)' 7 '- ( 4— rf i > w 
h = T (4~ rf > 

If h is known, finding 2 1 nnd a is ■ simple end, with these, 

' fch , product of ' the in^Hy. of mastication by the thickness oJ 
the stratum. Many other Variants for the solution of this problem 
may , be proposed if other points on curve Z or curve K are to be 

employed. 

a i» no»ib), u, ..pa, UP «f ro.- OM 

nvlj toy OW *«* »■' **"• >”• “ f 

. , . w1t h hero because of the -ease with winch 

variants which arc not . 

, f T.a ,, 3 limit ourselves to examining 
these variants may be arriv-a 

o, cases which are capable of being applied diiectly to 

- .pm m w «• ' iiiu “ uo " ° r 

lh „ n „t ,«™<i .r * (« 4« *• 

oc .r p 5 »l..,a M.«u «„ - 

complex anomalies. 

Now lot us examine the 7. field. of an inclined stratum of 

p roat extent and great distribution in depth, in which thickness 2b- 

' ' small relative to depth of occurrence h. Ignoring the second 

powers of the b/h ratio in the familiar expression for the fiela, . 

' m this case we obtain a simp ler, e .yr^P- - 

■ Z = /sin a(2sinaarc tg gjrfF+ c ° saln xi+K‘--ibx^ (ll, 'V 

• fv, v formulas for tho- analysis 

Applying to pquation (11.3a, at; . - • 

m, lov.-rithm,- .« obtain 

of the arc tangos a a..d _ — ' - 

; - — '~/;slno4-JtCOS<i (11,2) 


Z ^ 4//rsina- 


~x *+.h* : 
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To (Mud the maximum and' minimum of the Z curve, lot us writ? 

x\+2x,h\%o.- A 2 = 0, 

— Atga + Asee a, 

x ^A 1 -”^ (1 1 ,3) 

X ta>* COS a 


Substituting the value of in equation (lx. 2), wo obtain 

: *^=2/4 sin « (1 +sln«). (11,4) . 

. ' - It follows ' from equation (llJj that for a specific body 

AZ raas = c, 

where c is the magnitude of the constant for the given body. 

* . In order to find h we . locate' Z^ v at a new .Level, differing 
from the. first by a known magnitude of Ah. Designating 2 max at the 
initial altitude by z and at the new altitude by Z 2 , we obtain 


AZj =■ (A d AA)Z„ 


from which we derive 


In order to determine the angle of slope CL which differs 
in the general case from the real ariRle of incline due to the deviation 


from the. vertical of .the vac tor of the 


section under examination, 


f o r Zo. : A 3 t h e o r i r . ». n 


5 nurd 07 the abscissas .c. for Z ■ -and 
■ ■ * " ' v . ■ m l 

coordinates in the profile is 


unknown, 'let us employ the difference -d = and on th “ basis 

of (11.3) let us writs: ■ 


i l - slna . , 
a — Mi, 

cos a ’ 


from which we fi‘-b 
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tx there is u sharp drop A hy>d <: the following r 
• will ' suffice to adequate accuracy 

sin«=l- 2 (0. (11,7) 


. In'order to find the abscissa of.' the peak of the’ stratum,' 

• let us .give our attention to the fact that the I-. ratio is according 

A/i ’ 

to 'equation (11.6) a constant so that, consequently, the line connecting 


the abscissas oF - the -Z poi nts at various levels is a strajrhb i i n e 
max ' ' ° 

passing through the top of the .stratum;. Then the point of inter sec tic 


, of this line with a horizontal' line drawn at the h depth that has 
been found, will determine the location of the top of the stratum 
at the given section. . Figure • illustrates the Z curve above the 
inclined stratum, the calculated Z curves at 2 altitudes, and the 
graphic determination of the top oC the stratum.. Hie angle of dip 
' oTF-jthe stratum, which is 60°, is calculated by means of the angle /3 . 


v Let us . examine the field of an indirectly magnet ised cylinder,. 
In chapter k above we have set forth the- method of finding the abs- 


cissa of a point at which 


ains its maximum value . 


Substituting the value of the abscissa (/«..•! £) in expression Z (t.ll), 


v/e find the equation for Z, v , : 


_ 2Af (^y '^ QcQsfM- ~ 
(l-fg-tg-p) 


yijrfpjcosp+ylgfislnji 2M 

— . — =-^m (11,8) 

V + J<8V 


f3 is the . angle 


from the vertical o f th 3 


vector of, intensity of magnetisn.fi on • 


••It is obvious' that at fh 


h+ Ah, the value of 


Z „ will bo- 
max 


Z m * s ~ 
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Solving the latter' 2 equations jointly for It, we obtain: 


V^MX-VZ’, 


In order to .find, angle / 3 , let us employ the differences 

between the abscissas of points x-^-x...,, whore x-j is the abscissa of 

at the level of origin and x,-> is the abscissa of Z at the 
• max max ' 

r h+ Ab level* On the basis of equation, (t.lj), we find 


x, ~-x 2 = ~,u/tlgp, 


from, which we derive 


tgP = 3- 


in which d is the angle of inclination of the vector of intensity 
of magnetization. 


The location of the center of the cross-section of a cylinder 
of circular section is arrived at by finding the point of intersection 
of a horizontal line on the .calculated depth h, with a straight line 
passing through the- abscissas o f the Z points at various levels. 


Figure 35 illustrates the given curve Z over a cylinder of 
circular section with oblique magnetization, the derived curve Z ac 
gltitude h+ Ah, and the center of a cylinder of circular section 
derived in the manner indicated, as well as the. position of the vector 
for intensity. of magnetization I.- The f3 angle representing deviation . 
of the I -vector from the vertical is, 3 times as large as the angle <£>, 
v/hich is formed by -a straight line passing through points- and Xp 
and -a vertical. 


It is obvious from the method of - resolving this problem that 
when experimental curves ire employed at various altitudes the errors' 
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may produce 

v ary Verge e 

rrors in , ca] cu! all 

ng thi characteristics of 

occurrence , 

parbicul"! rly 

• in dcrivi ng th : a 

agio of: dip and -the • location 

of the upper 

• '.edge of the 

stratum or the ce 

nter of - the section of a 

cylinder . t 

V therefor a 

re common d employe e 

nt of 'calculated, .not measured. 


value's of 7. (or AT) at a now level ♦ 
r : < a 

12 * Calculation of Depth and Other Characteristics of Occurrence 
o f H-yyneti zed Bodies Vy the Gradients of bho.Z or AT Curves ; 


Derivation of the char-ictoriritics of. occurrence of rmygneti zed 
bodies by moan a of the. higher derivatives of magnetic 'potential has 
the advantage that, in .a case of suporimpo s it ion of the magnetic 
fields of a number of bodies in near proximi.ty, the higher derivatives 
of the magnetic potential of each body decline with increased distance 
more rapidly than the first derivatives* Thanks to this fact, the 
effect of the fields of neighboring bodies on the field of a given 
body declines and the possibility of deciphering the anomaly increases. 


The analytical expressions for the second derivatives of 
magnetic potential, which are rmdily obtained by differentiating 
the expressions for the Z or H fields (and also for AT) for a body 
of given form along a given coordinate axis, are very complicated. 

It is easy to convince oneself of this if for ‘'example we seek ~ 
or -Z for an instance of oblioue magnetization of a vertical stratum. 

, on \ '• - 

of considerable thickness. This consideration has created ' such great 
difficulties that the idea, advanced long since, of utilizing the 
higher derivatives" of • the.. magnetic potential have not, found practical 
application. 


■Let us find an approx ima t a d so] 
basis of geometrical concepts of varicu: 


I 



ption Tor the problem on the 
hi gher derivatives, t 


'Vi 1 



,o Wit 


arid ( 01 ; bho same (lor.ivnbi.yof3 of 11 and AT). 

In Section 7 wp have already employed the fields of di fforent 
bodies, developed in our concept as % consequence of the assumed 
displacement of the real body along ‘the x axis by the distance A*, 
and the Subtraction” of the real body .from the displaced one. 

The -rqpult" is the development of iiriagin ary bodies formed from the 
side surfaces' of the real ones, and of surfaces parallel thereto, 
displaced by a distance A '4 (dec Figure - 18). On the one hand we- 
obtain an imaginary body with excess, and on the other, with inadequate, 
magnetic mass. In other words one of the imaginary bodies retains 
'the intensity of magnetization of the real body, while in the other 
the vector of intensity of magnetization retains its magnitude but 
.changes in direction to . its opposite. The foregoing holds for strata 
not only with parallel side surfaces but with convergent and divergent 
surfaces as fell. 

Plotting the derivative graphically on the known Z field 
over a magnetized stratum of .large horizontal thickness, we obtain 
a curve with clearly defined maximum and. minimum corresponding 

to the 2 imaginary strata. The mutual effect of. - the field of a single 
.imaginary stratum upon that of another will be the smaller, the further 
apart they are or in other words the greater the horizontal thickness 
of the body expressed in units of depth of occurrence of the upper 
• The appro xims tens ss of the solj.it ion o.t the problem lies in ths- 

fact that one assumes complete absence of mutual' influence by the 
field of one imaginary stratum on the .field of the other. This makes 
it possible to employ relatively simple formulas expressing uhe field 
intensities of isolated bodies instead of. complex formulas expressing 
the slims of the fields of 2 - imaginary oodles. 


89 “ 



'3 * f 

Investigation of the applicability of this method shows 
that, in .order to obtain results with an error of less than by 
means of theoretical curves of an .inclined strata of infinite dis- 
tribution in depth, the horizontal thickness of the stratum must ex- 
ceed the depth of occurrence of the upper edge approximately 10-fold. 

If the distribution of the bodies by depth is limited, this 
requirement is reduced, as in this case -the Z (o*. . AT) ‘field above 
imaginary strata of limited thickness declines more rapidly with 
increase in distance along the £ axis, and consequently the field 


one stratum affects the Z 


'ii tilde over the other to a lesser 


degree. This provides a considerable expansion of the zone of appli- 
cability Oi the method of . calculating depth by the first derivative, ■ 
3L or However, if the vertical thickness of the body should 

be small relative to the depth of occurrence, r v.rticularly when it 
is smaller than the depth of occurrence, the method under examination 
becomes inapplicable , as the field of imaginary strata sectioned along 
the edges of a real body of limited Vertical thickness will approx- 
imate the field of a cylinder and not that of a stratum of limited 
Horizontal thickness .arid considerabj e distribution in depth. 


The most appropriate objects. for bmployment of this method 

are areas with clearly defined : stepwise change in the Z (or A T) field, 
: * . ( ' 
indicating the dividing line between large geological forms* Aerial 


magnetic survey encounters such 


f requency* 


If the general nature of the' magnetic' field oer.mits us to 


draw the eonclu sion 


:ic ano me ay is produced oy a- 


body the dimensions of which, . transverse 


outi on m death 


fold th 1 debth of 


cccurr an c e oi th a 
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upper C3C.1 go, then the curves (including positive and negative branches) op,. 

- W- 

obtained as a result of graphic - differentiation maybe regarded as 
curves whose analybidfjj expression is presented by equation (ll.l). 
Consequently equations (11. 5 ) and (11.?) arc applicable thereto for 
purposes of determining the depth of the top and . the angle of inclination. 

V/e know that curve does not depend upon the level of 
the normal field selected and consequently that the given method of 
calculating the depth and angle of dip of the stratum does not 
depend upon errors in the choice of the normal field for the curves 
h of origin 2 or AT. This is one of. the advantages inherent therein, 

. relative to methods of calculating depth directly from the curves 
of field intensity. 


If the problem is limited solely to calculation of the depth 
of occurrence of the upper edge of magnetized bodies, and determina- 
tion of the angle of dip is not required (a problem which arises, 
for example, in the plotting of structural maps of the base of plat- 
form regions), it is unnecessary bo plot the or curve. 

For the purpose in question it is entirely sufficient merely to find 
the point of inflexion along the portion of the Z (or AT) curve 
selected and to determine the increase in the curve in the region 
.of inflexion .in the interval between points x^ and x. (Figure 36). 
Knowing that at the new altitude the maximum gradient undergoes in- 
significant displacement, we .assume that the maximum • gradient at the 
new altitude will be in the same interval between points x^_ and x^. 
Therefore we calculate, the Z (or AT) field at altitude Ah relative 
to the starting point at only these 2 points. The difference between 
the Z (or AT) values at points and at the former and latter 
altitudes will correspond to' the and Z 9 values in equation (11.5). 
The interval determined by abscissas x^ and embraces the steepest 
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portions of the Z or AT curve « It makes no difference what units 
are employed to measure? the gradient. The depth is arrived at in 
the same unite as those in which Ah is given. 

Let us illustrate the use of the method by means of a practical 
example* Figure 37 shows the AT field along a small section taken 
from a 1:200,000 map in which the ordinates of the curves are depicted 
in a scale of 100 y per cm* Three wells have been sunk in this section. 
The depth of the crystalline foundation is shown on the chart. 

The width of the anomalous field, represented by positive 
A T values, exceeds 10 km* Information is available to indicate 
that the depths are about one km* Thus we are justified in using 
the method under examination. However it is difficult to use curves 
t© calculate depths on this scale, as the experience accumulated in 
calculating a field at a new altitude by means of a nomogram (see 
Figure 12) indicates that the new altitude must show as net less than 
one cm on the drawing, meaning that with the given scale it must not 
be less than 2 km. When a field is recalculated at so great an altitude 
the effects of magnetic fields quite a distance away are felt and" 
this is undesirable. Therefore to calculate depth we draw the AT 
curves in a scale ©f 1:50,000, also increasing the scale of the ordinates 
t© 50 y per cm, with the purpose of obtaining a more exact calculation 
of the field at the new altitude* In general it is a convenience 
always to set the linear scale in such fashion that the new altitude 
is represented by one cm* It goes without saying that an increase 
in the scale carries with it a proportional increase in the errors 
in the original* 


In order t© maintain the constant one-centimeter height it 
is more convenient to set up the .nomogram in a new form (Figure 38) - 
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For convenience of calculation e ich third vertical line is drawn heavier* 

ninth interval is divided in 2 -by a- broken line* Ifh'ono bp 'desires > the»‘vdlty£ : . r *'?' * 

Of the middle ordinate may be taken off immediately along the entire interval, • ’ /> 

or the mean value may be determined at - ' each half -interval, arid 'they average taken 
accordingly. The tenth interval - ends at infinity* For this reason broken lines 
ape used to indicate'bhe first 3/5- Each of these represents an angle of 

In each" of bftese the average value of the. ordinate is divided by 5* Only then ■ 

’Sts it added to the total sum* The nomogram is symmetrical . The average or- 
dinates on the right and left are totaled (with allowance for what was stated 
.above relative to fractions of intervals) and the total is divided by 20* 

Figure 39 shows the upper AT curve of Figure 37. in enlarged scale. It 
has been related to the level of the survey at altitude h, including the depth 
of occurrence and a flight altitude of the order of 100 m. The new level, at 
an altitude of 500 m, at which the AT-^ value is calculated, is depicted by a 
broken line drawn in accordance with the established scale. The. broken curves 
I and II depict the curves of the AT gradient of the right and left branches of 
the AT curve at altitudes h and h+5^0 m (the symbols for gradient to right and 
left are taken as positive). 

pie depths are calculated in accordance with the right and left branches of 

‘ * 

the curve, in accordance with equation (11. 5-): , 23 — 1 5,5 ^00= 1 030 ; 

1 A=^27 500 =l°4 0 m . 

iJliminating flight altitude, which is 100 m, we obtain the depths along the 
right and left branches, 930 and 940 m. Further, we find the edge of the magnetized 
bodies by means of the intersections, of lines determining the depth of occurrence, 
with lines connecting the points with maximum gradients at the h and h+500 m levels, 

• and thereafter in accordance with equation (ll*7) we find the angle of incline 
of thestrata. In the general case the angle of dip of the slope includes the 
angle of inclination from the vertical, of the vector of intensity of magnetiza- , 
tion, but in the given case, in which the bodies follow a course virtually along 
the meridian course, this angle is practically zero. However, if the angle I, 
by which the vector differs from the vertical, in considerable, the calculated 
angle of slope must be reduced by an. angle of 90° — . I. ’ . 
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A section through the magnetized bodies is illustrated along the AT curve, 
depth and the angle of dip of the middle body being depicted on the assumption 
that those components of occurrence are identical, in add. j bodies. 

dor the second and third AT curves, depicted on Figure 37, the depths are 
calculated iji accordance with the gradients near the points of inflection, at 
altitude h and h+500 iru Alo'rtg the left' branches of the curves we find a .depth 
of occurrence (after subtraction of flight altitude, 100 m), of 900 and 900 m, 
and on the right arm we obtain 1,070 and 1,7 70 m. In view of drilling data and 
information on the topography of the base rocks in the given area, we may consider 
the result's of the calculation to be completed satisfactory. In this connection 
we must remember that the materials with which we are working are copies of copie: 
and that the ordinates are given on a smaller scale than on the magneto gram, 
errors -in drawing the curves, particularly in the region of maximum gradient, 
iiave a very major effect- on the results of the calculations. This makes it 
necessary to make use of AT curves taken directly from magnetograms in the same 
or larger scales. The normal field may be chosen arbitrarily. Strict correc- 
tions for temperature, daily variations, normal gradient, and zero-point creep 
are not required, as the calculations are based on short segments of route trips, 
covered by aircraft in only a few minutes. 

1 1*- C alculation of Depth and Other Characteristics of Occurrence bv Means of 
the Higher Derivatives 

The preceding paragraph shows that th-e method of calculation of depth in 
ferms of maximum gradients of the curve at 2 levels cannot be used if the thick- 
ness of the magnetized body exceeds the depth of occurrence only slightly. In 
order to reduce the mutual effects of the fields of imaginary strata, we resort 
to the higher, derivatives, to wit, Z 


dx dz 


dx dz 


As in the preceding instance, we - shall not seek an analytical expression 
for thcf second derivative for bodies marked distribution in depth and any degree 
of magnetization but shall employ the available expression for the field of those 
bodies of .simple form which may be conceived of as sources of the field depicted 
by the second derivative. ( 

9L - 




' : We regard' the first derivative ;iu *i mipnitude • proportional to the f ield of y. ; 

2 imaginary strati token as sections along 'tins' sides of the basic stratum. We 
regard: the second derivative as a magnitude proportional to the field of 2 bodies 
arising as the result of "subtracting" each of the .imaginary strata from the same 
stratum displaced by a distance Az- (Figure Ifi). As a result of this "subtraction" 
we obtain a body of horizontal occurrence, with a section in the form of a parallelo- 
gram and 2 bands of reverse polarity, the thickness of which depends upon the angle 
of dip. The distance between the middles of the bands is Ax. Figures of tnij 
type appear on both sides of the real stratum at a distance equal to the thickness 
of the stratum. The field of the paired bands, given a sufficiently steep angle 
of dip, may -be regarded as the derivative of a higher order, and may be ignored. 
However the field of a body having a section in the form oi a parallelogram may 
be regarded as that of - a cylinder. This is entirely permissible if the value 
chosen for Ax and a are a fraction of the depth of occurrence. Simplifying the 
formulation, we may say that if we are given a field Z (or AT) over a stratum of 
considerable extent and distribution in depth, the second derivative of Z (or AT) • 
along K and z is proportional to the field of 2 figures sectioned along the corners 
of the. stratum, whereby one of the figures is magnetized in the same^astuo.n 
the real stratum and the other in the reverse direction.. The shape of the cross 
section of the figure is not significant if the linear dimensions of the section 
•• constitute only a fraction of the depth at which the upper edge is located. 

- The mutual effects of the fields of 2 cylinders decline sharply,- relative, 
to ^he mutual effects of the fields of the 2 strata, so that the equations de- 
veloped for cylinders may be applied to the positive and negative branches of th , 
curve/even in cases in which the thickness of the stratum exceeds the 
depth of its upper edge by a factor of only 2 or >. In this cue t.iv ..cpth of 
occurrence of the center of. a cylinder, corresponding to .the depth of the upper 
edge of the stratum + 1/2 Az, is calculated by -means of equation (11.10) and 

• the angle of din of the vector for intensity of magnetization, corresponding. 

4 A . . r c'—fxm 4 - >-.H •: '1 rri ocP - 1/ is calculated on 

; to the 3 .npl ii of dip oi uOv. bv. - * r. - • * 

equation ■.>! .1'"') . - . 






Th'i ' techniques- ('or omi.fj.oyi 11(3 too method with the data of - 

aerial. magnetic utirv \v are a:; I’d lows. .1 rt -accordance with the ■ do ta 
of the AT curve, co.lculat.Jid directly from the inngrt^togr.im, with 
retention of the scale of the ordinate, and enlargement of the lin 2ar 
3 c ale. to 1:50,000 (or 3 : 2.5, 000, if the depth of occurrence is expressed 
in -th? bundrods of nivtvjpti), draw the -~£p- curve. The gradient 
is taken, at one cm -interval's on the drawing and is drawn - on a scale 
not finer than 10 gammas per cm. The curve obtained .is proportion al 
to the curve over imaginary. f.tr ita sectioned along the edges of the. 
stratum. We apply the ,f auri l ; a* method' of calculating the field at 
a new elevation differing .from the initial elevation by one cm on 
the scale of the drawing. 


In accordance with the initial curve of the gradient and 


the calculated curve at the new altitude, we plot a curve for the 
differential, which will be curve • In accordance with this 

scale, Ax = Az = 500 meters. In the ca.se. of an isolated stratum 
the curve will have clearly defined maxima -and minima at points 
corresnondi n r - r >.unro vimetely to oro e c t .i. o n s o !. t ne edge points o l 
the section. Should there be ma.ny strata, the number of paired 
maxima and minima will reflect the’ number ot strata. In order bo 
apply equation .(11,10) it is necessary to calculate the maximum 


and minimum curve • at a new altitude, for examp.t 
the drawing) above thf) lev-1 to which the curve 
applies. If we limit ourselves to calculation 
assuming that the maximum and mm; mum at til ; ne 


e 500 m (on*'.’ cm on 
for the difference 
0 o d e p t, h , ' t h e n , 

:w loaf altitude are 


displaced along the x axis to a v ny limit- I degree, we may calculate . 


the values of. the 
of, the max.imu.rn an ) 
manner v/e derive 


r i el d o a 1 y . “• t no 1 n t : 
mini mum of bh 5 dip 
r. annul fc 


;c .co rr'e soon ding to the position 
u-ffc* in the curve. In this 
1 pn ) 1 cation of s- qua t ion ( 1 1 . 1 0 ) 


.If it ’1 


of dip, the. 



the dP 
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value of the field at the new altitude must bo calculated at. many , 

_ points, so as to make it possible to plpt segments of the curve • along 

r ■ ■ .1^ ;J 


which the position of the maximuft and minimum would be evident. 

Let us use an example to explain the utilization. of this 
method. Figure 41 illustrates the AT curves along 2 routes, 6 km 
apart. The segment contains bore holes, and the core and seismic 
data have been used to establish the upheaval of the foundation rocks, 
shewn in the drawing by broken isolines. 

The midportion of the upper curve, within the bounds shown 
on the drawing by dashed lines, is presented on Figure 42 in a 
different scale (the working drawing had a scale of 1 : 50 , 000 ). 

Along this curve we plotted the - , the middle, solid curve, v/hich 
was then recalculated for an altitude 500 m different from that at 
which the measurements had been taken (the broken curve). The lower 
segments of the curves depict the difference between the continuous 
and dashed curves , that is, the curves. The ordinates 

depict in graphic fashion the maxima of the second derivatives at 
the given. level and at an altitude 500 m higher. The calculated 
values for the depths, reduced by y f 2 &z~== 250 m, and at a 100 m flight 
altitude, are shown in Figure 41* Figure 43 shows the results of 
calculations on the lower curve of A T in Figure 41. 

It should be noted that when the second derivatives are used 
the error in graphic depiction of the initial AT curves effect the . 
results to an even greater degree than when the first are used. As 
the starting material is. a copy of a 1:200,000 chart, in which the 
AT curves are doubtless different to soma degree from the original • 
record on the magneto gram, the examples of calculation adduced must 
be examined primarily from the viewpoint of the method of calculation 
and not in terms of practical results, although the latter are in 
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fact satisfactory to an adequate degree* The left side of the upper 
curve in Figure 41 has not been employed in the calculations because 
in adjacent trip routes the AT curves for this side are entirely 
different and it is therefore impossible to assume bodies of unchanging 
shape covering a significant area* The angle of dip of the bodies 
has not been calculated, as no significant displacement in the maximum 
of the second derivative at the new altitude has been revealed* This 
testifies to vertical dip* However the reliability of this conclusion 
is doubtful in view of the small absolute values of the second derivative* 

In Figure 42 our attention is attracted by the symmetrical 
Inflexions of the second derivative (the right side of the drawing)* 

If they are reliable, they reflect the inhomogeneity of the magnetic 
rocks, to wit, the chief maximum and minimum signify the side boundaries 
of the magnetic rocks, and the secondary maximum and minimum, the side 
boundaries of th® lucre magnetic rocks in the central portion of the 
section* The reliability of the conclusion depends upon the degree 
to which the infinite smal changes in the gradient of the AT field 
represent the true state of affairs* This may be established with 
difficulty on the initial AT curve. 

This method of calculating depth does not depend on the level 
of the normal field selected® It is also clear that its use does 
not require corrections for normal gradient, temperature, daily varia- 
tions, and zero creep by the existing methods, as the calculations 
are based on short sections of trip routes 20 - 30 km in length* 
Measurements on these sections take 6-10 minutes to perform* During 
this interval changes in field not related to geological structure 
may be regarded as being proportional to time (except in the case 
of magnetic storms) and insignificant in magnitude* The linear change 
In the field by the value of the normal gradient does not affect the 
results of depth calculations* 
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previous sections have been devoted to examining the 
methods of determining the dimensions, shapes, and position in space 
of magnetized bodies, that is',. problems of geometry independent of 
the composition of the bodies in terms of their substance. Formal 
methods of resolving geometrical problems do not exhaust the possibi- 
lities of magnetic prospecting as a branch of geology© Tki & abstract 
examination of the shape of magnetized bodies, separate from their 
content (the composition), is merely an auxiliary means employed at 
a given stage in the geological interpretation of magnetic charts. 

The fact is that before standard methods for the solution of geome- 
trical problems are put to work it is necessary to have some concept 
©f the geological structure of the given district, geological infor- 
mation on the particular course along which the work is being conducted, 
data and conclusions arrived at by other methods of geophysics, ex- 
perience accumulated in magnetic prospecting under analogous conditions, 
and to employ these and our knowledge of the intensity of magnetiza- 
tion of rocks. 

After the components of occurrence have been calculated the 
geogetrical decision arrived at is checked both by general data on 
geological structure and by specific data on the particular district 
under investigation. 

Checking in this manner is essential in the first place 
because the geometrical task is resolved abstractly, on the assumption 
of homogeneity of composition of both the intrusive rocks and of 
those revealing distinctive magnetic properties and on the basis of 
uniform magnetization. 
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The purely geometrical solution of the problem cannot be 
considered in isolation from study of its makeup by substance. In 
determining the latter, magnetic survey opens the way to description 
of rocks by magnetic intensity. In the general case the facts accumu- 
lated make it possible to classify rocks by this characteristic only 
into vary broad categories, usually described in qualitative terms, 
highly magnetic, weakly magnetic, and virtually nonmagnetic. The 
former include the ultrabasic and certain of the basic rocks, while 
the latter include virtually all sedimentary rocks. The weakly mag- 
netic variety are encountered in virtually all classes of rocks, 
magaatic, sedimentary, and met amorphic. 

The classification of rocks by magnetic force being so in- 
definite, there is no basis for efforts to dsteraine composition by 
the strength of the magnetic field. 

However facts show that magnetic prospecting is in successful 
use as a method of finding and determining the contours of rock bodies 
of specific composition and the projects are planned in accordance with 
the particular types of rocks to be sought • Thus, depending upon cir- 
cumstances, one seeks to identify paridotites, granite, etc. 

The objectives of magnetic prospecting are even more specific 
when ores distinguishable by their magnetic properties, magnetite 
ores in particular, are sought. 

The fact that it is possible to pose the problem in this 
form and to resolve it successfully is explained by the fact that 
in the first place the data of magnetic survey are not taken in isolation 
from geological and geophysical data on the area under investigation 
and in the second that rich experience has been accumulated in the 
application of magnetic research under various geological conditions 
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for the solution of various problems. 

Above we examined a number of instances in which data obtained 
by magnetic survey ware employed to explain geological structure 
without the use of mathematical analysis by resorting primarily to 
examination of the composition of rocks and the relative dimensions 
of rocks of various compositions* reflected on magnetic maps as anomalies 
of specific force and size (Figures 22—25 ) « For example examination of 
Figure 22 showed that outcrops of ancient rocks are surrounded by 
e.ffusiv@s(trap rock) the areas of distribution of which are determined 
by means of their magnetic fields, this is known from first hand 
familiarization with the locality. If finds clear expression on the 
magnetic chart in the form of small anomalies of various intensities. 

In subsequent work the connection found between magnetic field and 
geological structure is employed in the geological clarification of 
anomalies of the same type in adjacent areas. 

Let us examine another example. Over a large area where 
the %-aeroma gnetomet er was quiet due to a relatively depressed field 
a weak magnetic anomaly was found at an altitude of about 400 m* 

When the altitude of the aircraft was reduced the strength of the 
anomaly increased markedly. This resulted in work being undertaken 
on the ground on the assumption that the anomaly was caused by an 
occurrence of iron ore (Figure 44)® The results of the survey at 
ground level established the fact that the strength and shape of the 
anomaly did indicate the presence of a body of high magnetite content. 
Its shape was that of a sheet the top of whiGh was close to the surface. 
All these conclusions were based on experience* available data on 
the magnetic intensities of various rooks and ores, and general theo- 
retical conclusions as to the spatial distribution of the fields of 
magnetized bodies. 
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The use of analytical methods of calculating the components 
of occurrence and magnetic intensity confirmed the hypothesis that 
the body lay close to the surface and the probability that the exis- 
tence of the anomaly was related to the presence of a body of iron 
ore* One might think that in the given instance magnetic survey had 
done all that could be expected of it* However we cannot fail to 
pay attention to the fact that the iron ore body was discovered in 
the midst of rocks whose anomalous magnetic fields were practically 
zero® 

This gave no reason to assume that the body was of contact 
or magnetic origin , as in the former case one would expect to find 
some change in field during the transition from one type of rock 
to the next, and in the second case the anomaly would occur over a 
generally elevated field of varied intensity* The hypothesis which 
would therefore appear to be best founded is one assuming an occurrence 
such as iron quartzites, and subsequent drilling be re this out. 
Determination of magnetic intensity by means of aerial magnetic 
findings must become a standard precondition of geological interpre- 
tation of a magnetic field. Identification of rocks by magnetic 
evidence, with the development of hypotheses as to the class to which 
the given rock belongs, is important not only for the case under 
examination, but also as material for subsequent me* 

The data on the magnetic properties of rocks at our disposal 
have been compiled by isolated measurements of magnetic susceptibility 
and residual magnetism* Our data on the latter is exceedingly meager. 

The accumulation of data on the magnetic intensity of rocks, 
determined as an average for each body as a whole, offers wider possibi- 
lities for identification of rocks by the characteristic in question. 
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body are known. Thus if it is established that the body cons tit 
a vertical shoot covering a considerable interval. of do nth the e 
adduced in Section 9 above- Is applicable. 


. ‘/V It is easy to derive the formula for calculating I for other 
simple cU$es of stratification as will. Sped fie ally, if the depth 
of occurrence be located by use of 'the Z (or A?) curve, the magnetic 
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intensity I may be calculated in accordance with equation (ll.l) in 
which b = A** the second derivatives -are used, equation (if.S) 

maybe employed in which M = I Ax 42cosi$, and' the ft angle is deter- 
mined by equation (ll.ll), while in equation (ll.S), the value of 
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.CHAPTER' III. METHODS IN AERIAL MAGHE1DMBTRT 
15^ — Accuracy ReQui remants In Measurements of Magnetic Fields 

The methods used In field work and in the subsequent elabo- 
ration of aerial magnetometric findings must b© in accord with the 
object of solving the geological problem posed as completely and 
accurately as possible with minimum expenditure of means and time* 

The basic questions of method concern the degree of accuracy required, 
selection of type of instrument, choice of survey routes, elaboration 
and presentation of the results of the survey, and methods of geolo- 
gical interpretation of the results* They are resolved in accordance 
with concrete geological problems with allowance for the technical 
and economic conditions involved* In all cases the accuracy with 
which the magnetic field is measured must meet the hipest standards 
technically attainable, limited solely by the equipment and consider- 
ations of economy* Aerial magnetometers that provide the highest 
accuracy now attainable are considerably more expensive than other 
models* Therefore to this day aerial magnetic surveying often employs 
light Z-magnetometers, relatively inexpensive to use, if the prospecting 
problems in question have to do with discovery of magnetic anomalies 
of significant intensity* This would apply, for example, to the search 
for magnetite occurrences and in prospecting for oresj of contact origin 
in zones of contact between basic and ultrabasic intrusions with ore- 
bearing rocks. 

The data obtained by Z-aerosagnetometrie survey which may 
involve a factor for error of 100 in either direction cannot be used, 
with rare exceptions, to calculate the dimensions and depths of 
occurrence of the sources of anomalies* ftiey are used primarily to 
isolate areas offering worthwhile prospects for further work fro# 
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the ground and to provide data supplementing available information 
on the geological structure of the given district in accordance with 
those changes in magnetic field revealed by topography which are 
characteristic of rocks of high magnetic intensity. Measurement tof 
the magnetic field to the minimum error possible with the given 
equipment is a rule to which there are no exceptions# This require- 
ment cannot be relaxed under any conditions, as the more accurate 
the measurements the higher the accuracy to which the problem is 
resolved and, further, the greater the possibility of utilization 
of the data to resolve problems of geological mapping# 

The same considerations govern the requirement that surveys 
with the T-aeromagnetometer be as accurate as possible# Data obtained 
by aerial magnetic survey with the T-aeromagnetometer are successfully 
employed not only for general characterization of structural forms 
but for calculating the depth of occurrence of the sources of anomalies# 
This is very important in the study of the geological structure of 
platform regions with thick sedimentary formations. The fact that 
the results of these calculations are no more than approximate is 
explainable to a considerable degree by the fact that the methods 
of calculating depth now applied are valla only for the simplest 
anomalies, which are relatively rare in actual practice# If the anomalies 
observed by aerial magnetic survey differ somewhat from the theoretical 
fields created by bodies of the simplest shapes, the depths are calcu- 
lated within an error the magnitude of which is only slightly depen- 
dent upon variations in the error of measurement permissible with 
the T-aeromagnetometer* Under thise conditions the requirement of 
minimal errors of measurement does not justify recourse to the laborious 
processes of surveying by ground teams in terms of the practical value 
of the imp-^ved data obtainable in this manner# 
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a • . dep-.hs riot only for ihe - simp i.es t but also for complex magnetic ano- 
malies and simu Lbanecrioly to. obtain si gulf leant approximation between 
• the ' calculated and real depth values. In this ease .high accuracy 
of measurement becomes of decisive importance. . This is clear from.- • 
the theory - oj. the method' and !. rom the ex^unplas adduced above* There~ 
fore the requirement that the highest accuracy attainable with the 
given fcyps of aeromagne tome t or be 00 tain rd is most important. In 
dismissing this question it is .impossible to - leave out of con side rat ion 
the need for constant perfection of methods of calculating depths 
and other components of occurrence in accordance with magnetic measure- 
ments. New methods are applicable not only to new surveys but also 
to those previously performed. However the accuracy of the solutions 
found is always directly related to the accuracy of the starting data. 

1 he equipment now in use is capable of providing measurements to an 
accuracy,, as determined by repeated measurements, of b ± (60 ( +10% ) 
v/ith the Z-aeromagnetometer and of B ±‘(10 + 1 %) with the T-aeromag- 
ne tomstor. Specific accuracy requirements in individual instances 
rare governed by the plan of work and the Instructions in effect. 

16 -f-- C orrelating the Measured Values for Intensity of Magnetic Field 
to the Locality 


. in aerial magnetic survey, measurement of the magnetic field 
i.3 conducted at points the positions of ’which must be determined by 
the use of 3 coordinates. It has become accepted that the results 
of the measurements are depicted in a plane formed by. the x and y 
coordinates, the third coordinate being described in the text. • It is 
usually the general characteristic for flight altitude, although in 
many cases data of high accuracy are available for the z coordinate in ■; 


- 106 




the form of radio altimeter and barometric altimeter records. There 
is no need to demonstrate the importance of quantitative determina- 
tion of the third coordinate (altitude) particularly in cases in 
which the data of aerial magnetic survey are employed to calculate 
depth and the other components of occurrence of magnetized bodies. 

The techniques and methods of determining the coordinates 
of an aircraft in flight are examined in special handbooks. The 
accuracy with which the location of the aircraft must be coordinated 
with the locality is specified in the roles. Here we deal with certain 
problems in the latter field related to specific features of the work 
which in the author’s opinion should be reflected in the instructions 
in the future. 

It is an absolute condition for aerial magnetic survey that 
the rougjh maps used be scaled no smaller than the scale of the aerial 
magnetic survey. Ibis condition is always met if the aerial magnetic 
survey takes place after aerial photographic mapping has been completed. 
The requirement in question may be neglected only if the process of 
survey on a given scale demonstrates the need for a more detailed 
study of the field on particular routes* which is carried out by means 
of particularly precise landmarks* and also for large scale aerial 
survey (scale larger than 1:100*000) over areas for which topographical 
maps of the required scale are lacking. In prospecting to solve 
pressing problems, of the national economy, the absence of large scale 
maps (that is* 1:50*000 if the aeromagnetic survey is made on that 
scale ) is not permitted to be an obstacle to the fulfillment of the 
work* as the main problem is resolution of the question as to the 
presence or absence of particular resources or areas offering good 
prospects for further prospecting by ground-level techniques. 
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■ In connection with the purpose ox" aerial magnetic survey-, 
the results of which are made use of in subsequent geological research* 
the most important consideration is correct navigation by the nearest 
distinct landmarks* which are later employed by geologists on the 
spot* In desert areas and over water orientation of the measured 
field values Inevitably has to be either with distant landmarks 
or with geographical coordinates* It is obvious that subsequent 
determination of the necessary points on the spot requires that the 
corresponding technical means of determination be available* 

The permissible error of orientation depends upon the concrete 
geological problems to be solved by means of aeromagnetie survey and 
is determined by the scale of the survey* which as a rule is coordinated 
with the scale of the geological studies. 

The scale of the aerial magnetic survey is determined by 
the distance between trip routes* Adhering- to the average standards 
of trip route distance per square kilometer of area* aerial magnetic 
survey is based on a distance of one km between trip routes for work 
on the scale of ltlQ0,0G0* and 2 km for a scale of 1:200*000* etc. 

In addition to this standard of scale, there, is the require- 
ment that the measured values of the magnetic field be matched with 
a specific degree of accuracy to the locale* depicted on a map of 
the same scale* The instructions of the former Ministry of Geology 
permit "displacement of curves or of individual anom ali es" to a value 
equal to half the distance between the working routes T-aeromagneto- 
ffl eter surveys (paragraphs 108 and 133). In the graph this corresponds 
to 5 and 2*5 mm respectively* These requirements require elucidation 
and deviation from them is by no means always a sufficient reason 
to discard the field data as the instructions provide* 
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The procedures for cheeking and evaluating accuracy of 
orientation should if at all possible be independent of measurements 
of the magnetic field (photography, radii) direction finding, etc)* 
However, if the conditions of work afford no such possibility and 
the error in orientation is capable of being determined only by repeated 
measurements as provided in the instructions to which we have referred, 
it is necessary to determine more strictly which components of graphic 
description of the field permit comparison of the repeated measurements 
for evaluation of the error in orientation* 

It is impossible to check orientation by the location of 
the /\t isolines on the map of the magnetic field, as this is dependent 
to a considerably greater degree on the error in measurements and 
the field gradient and also upon the choice of the normal field, which* 
strictly speaking, shows different degrees of error on each trip route#* 
Checking in accordance with maximum Z (or At) is possible, but the 
isclines of the maximum values employed are usually so wide as hardly 
to be of value# Narrowly localised anomalies with clearly defined 
linear axes are adequate for this purpose* In the first place however 
they are not always present on the map* In the second place sharp 
peaks may be sheared off, in which case the location ©f the maximum 
will depend to some degree on the direction of flight* In view of 
these factors, fairly low requirements for accuracy of orientation 
hav§ to be placed upon charts of magnetic field given in isolines* 

This does not prevent them from senring the practical purposes for 
which they are designed* The fact is that magnetograms provide the 
data necessary for calculation of depths and other components of 
occurrence to utmost accuracy and in most satisfactory fashion with 
a minimum of preliminary elaboration* Wherever] this is possible 
isoline maps need be used only to clarify those -major geological 
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characteristics of the given district that have escaped the attention 
of the researcher in determining the details of the geographical 
structure required by the scale of the survey* 

Evaluation of error in the coordination of data and locality 
by means of the map entries for geological contours required by the 
scale of the survey would be the method best satisfying the practical 
problems of aerial magnetic survey* However these errors result 
chiefly from the methods used in geological interpretation of the 
magnetic field* In view of the fact that to a first approximation 
the line of division between rock bodies having different magnetic 
properties is determined by the position of points of inflexion of 
the At curves , it must be remembered that It is comparison of the 
positions of these particular curves that is most important to 
evaluation of error in location by repetition of measurements* The 
position of these points is not dependent upon the choice of a "normal” 
field or in the overwhelming majority of cases upon lag in the recording 
of field intensity. In choosing the directions and lengths of repeat 
routes, allowance must be made for the considerations set forth above, 
and the routes must be planned to go in directions intersecting 
clearly defined anomalies* As far as the concrete requirements for 
the accuracy of location are concerned, these must be related not 
only to the scale of aerial magnetic survey but to the scale of the 
geological studies of which the aerial magnetic survey Is a part* 

Prom this point of view the requirements set forth in the instructions 
are insufficiently rigid in certain respects and too demanding in 
others* 

In the practice of aerial magnetic studies it may happen 
that particular portions of an area studied within a given scale have 
to be investigated sore accurately in connection with geographical 
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work on a larger scale* 

It is clear from the data of surveys performed that when 
the strike of the rocks is clearly defined it is not necessary for 
the trip routes to be set more closely together* All that is required 
Is to reduce flight altitude and raise the accuracy of orientation* 

The totality of all available geophysical and geological data provide 
grounds for confidence that under the given conditions the problem 
will be solved in accordance with the 9cale on which the geological 
research is being conducted. When this economically profitable variant 
is used, formal considerations relative to observance of the estab- 
lished relationship between the conventional scale of aerial magnetic 
survey and the requirements for accuracy of orientation must yield 
place to demands flowing from the purpose for which the work is being 
conducted* demands that are more rigid in the given instance* 

There are also conditions in which the scale of the aerial 
magnetic survey is known to be several times larger than the scale 
of the geological structures that can appear on the basis of aero- 
magnetic and other geophysical data plus that obtained from widely 
spaced drill holes* By way of example let us cite the Is 200, 000 
aerial magnetic survey of Western Siberia, the data of which are 
employed to determine the strike ©f large structural forms and to 
calculate the depth of rocks entering into the composition of the 
foundation of the platform* The structural chart of the platform 
basement compiled on all available data, including that of aerial 
magnetic measurements , is hardly capable of satisfying the require- 
ments of a millionth map (the requirements for which have not been 
developed as yet)* 

However the desirability of carrying out the aerial magnetic 
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surrey by means of routes at 2-km intervals is confirmed by experience* 
which demonstrates that only with routes so closely spaced is it 
possible to select a significant number of simple anomalies for which 
the depth of the sources of the anomalies may be calculated* With 
reduction in the scale of the survey these possibilities undergo 
pronounced reduction* It is obvious that in connection with the de- 
velopment of new methods of calculation of depth the number of points 
at which depth will be calculated increases several fold* but the 
geometrical structures will in accordance with the calculated components 
of occurrence always contain an additional factor of error* depending 
upon the elaboration of questions of interpretation* 

If in the given instance fulfillment of the requirement for 
accuracy of orientation in relation to the scale of the survey causes 
no complications in the work, there is no reason for reexamination 
of these requirements. However* if complications which render the 
performance of the work more difficult should arise* then in connection 
with the ultimate geological results of the work it is necessary to 
envisage the possibility of deviations not reflecting upon the accuracy 
with which the geological results are depicted* 

In this connection it is proper to note that the exceptions 
to the general rule about a specific connection between scale and 
error of orientation under examination here testify that the criteria 
for determination of scale of aerial survey now in use are inadequate* 
This is true to an even greater degree to many-sided operations at 
ground level* in which geophysical methods are brought to bear to 
resolve a geological problem within a given scale* each of the component 
methods being used to resolve partial problems with a different grid 
of points of measurement and partial overlap of the areas* 
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The inadequate Reflection of the essence of geological surveys 
in the concept "scale of aerial magnetic survey* 1 is the most convincing 
argument for the acceptance of exceptions from the general rule as 
to the relationship between the scale of the survey and the accuracy 
of orientation, relative to the geological problems in question. 

The method now in widest use is visual orientation of the 
aircraft by landmarks. Maps drawn on the basis of aerial photography 
on a larger scale than that on which the aerial magnetic survey is 
run (or on the same scale, if the survey is on a scale of Is 200, 000 
or more) provide a good foundation for visual orientation, if readily 
recognizable landmarks distributed with fair uniformity over the area 
under survey are available. 

A check on the accuracy of visual orientation by local 
landmarks as given on Is 100, 000 maps conducted in the West Siberian 
lowland by pilot S. K. Vereshchagin, employing photography of the 
locale, gave the following results. 

Error Number of Instances 

Not over 100 m 400 78 

From 100 to 200 m 74 14 

From 200 to 300 m 20 4 

Not determined 19 4 


513 


100 


Included in the indeterminate error group were those cases 
of check sightings in which it was not possible to determine the 
location of landmarks on the basis of the photographs* 

The method of control adopted is not complete, as the error 
in orientation in the territory between fixed landmarks remains 
unclear. However, if the overwhelming majority of the points are in 
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J good agreement, there is no serious danger of significant drift off 

course or sharp ©hang© in speed In the intervals between landmarks. 

Jxi the given instance the orientation of the routes completely 
satisfies the scale of the survey, as conversion to graphic form 
would, as the table shows us, result in a displacement of 7&% of the 
control points by less than one mm and only k% of the points would 
reveal a maximum displacement of between 2 and 3 mm. 

Present-day radio cossaunications make possible a significant 
easing and precisioning of navigation. The possibilities inherent 
therein are now undergoing verification in practice* 

Error in determination of altitude has thus far not been 
given attention by workers In aerial magnetic surveying. With the 
increase in accuracy of measurement this question takes on major 
significance, as high accuracy of measurement and orientation in the 
horizontal plane cannot be used to the full if altitude is given only 
in approximate form. 

The final data usually states the altitude fro® which the 
survey was taken either as an average or relative to the airport, 
points at which the altitude was exceeded also being indicated. 

Bailable determination of flight altitude above the earth’s surface 
within the boundaries of anomalies attracting our attention as subjects 
for further geological examination is possible only to within a very 
rough approximation when values are given In this fashion. This is 
particularly true in cases of broken terrain. Changes in terrain 
in an area where the magnetic properties of the rocks are fairly 
uniform may show up as significant changes in magnetic field, which 
will be interrupted Improperly if the change in true altitude be not * 

taken into consideration. Anomalies due to identical geological 
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formations occurring however at different levels in an area of 
ganging terrain will differ. Calculated depths will be referred 
back to planes the position of which, relative to the earth’s surface, 
have not been, determined with sufficient accuracy. All this testifies 
to the indubitable necessity of determining altitudes with high accuracy 
along all points on the route by equipping the aircraft with automatic 
recording radio and barometer altimeters* 

In work with the Z-aeromagnetometsr, when the survey data 
is not used to determine depths, it is sufficient to have periodic 
altitude recordings on the barometric altimeter* 

17a Distan ces between Flights and Altitude 

The scale of aerial magnetic survey, which is determined 
by the geological problems to be solved, requires that the investi- 
gation of the magnetic field and its depiction be conducted at the 
same level of detail* However the detail which the work is capable 
of revealing depends upon flight altitude, distance between flights, 
accuracy of measurement of field intensity, and accuracy of orienta- 
tion of measured data to the locale* All the foregoing conditions 
of survey are closely interrelated* Only if each is determined upon 
in coordination with all the others are we sure of deriving the data 
rsquired to resolve the geological problem posed* 

The distinctness of anomaly boundaries increases with reduc- 
tion in altitude and in distance between flights, but the cost of 
the survey per unit area rises approximately in proportion to the 
coefficient of increase in scale# Consequently the increased costs 
of surveying on a larger scale must be justified by the advantages 
that may be extracted from a more detailed aerial magnetic map# 
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As flight altitude increases so does the breadth of the 
area covered by each separate trip# The distances between routes 
jaay be increased accordingly* Consequently there is an increase in 
the area of survey provided by each running meter of distance covered* 
While increase in altitude provides a gain in area covered, we lose 
in clarity of contour for each anomalous field, due to the diminution 
in intensity of local fields* it is obvious that accuracy of field 
measurement is a limiting factor relative to the increase in altitude* 
'Rue greater the accuracy of measurement, the greater the flight 
altitude permissible with corresponding increase in distance between 
flights, and vice versa, all other conditions being equal* 

The problems of covering the area completely imposes a 
specific relationship between altitude and the spacing of flints* 
However complete coverage of the area is by no means a general 
requirement, because if overall course of the strata are known, it 
is perfectly satisfactory to depict the contours of anomalies on terms 
of interpolation of the field in the spaces between flights* 

When aerial magnetic surveying is run in connection with 
search for oil and gas deposits the scales employed are 121,000,000 
to 15200,000* This type of survey has to be the most accurate, and 
therefore the work is always performed with automatic T-aaromagneto- 
maters* 

The major geological problems of the survey are determination 
of the major directions in which the structure runs, discovery of 
isportaht tectonic faults and their boundaries, and determination 
of the depths of occurrence of rocks giving rise to magnetic anomalies, 
with subsequent^ of the calculated depths to plot structural 

maos of the foundation of the platform senes* 
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Surveys run at 5 or 10 km spacing© between flights provide 
data accurate ©nou# to meet the first 2 problems above* Hi© depths 
of the sources of anomalies are calculated at a small number of points* 
in view of the very limited possibilities of the methods of calcula- 
tion now in use* In conjunction with the geological interpretation 
of the materials of small scale surveying* areas are chosen for larger 
scale surveying* Hie purpose here is geological investigation in 
greater detail and* in particular* more detailed tracing of structural 
forms and the topography of the basement rocks* 

Millionth and half-millionth surveys having the object of 
finding large geological structures may be run at an altitude of 
about 1*000 a above ground level* in which the effect of the magnetic 
field of small forms becomes Infinitesmally small and only the magne- 
tic field created by large structures is recorded* However experience 
shows that the magnetic fields of small geological formations may 
be used as check points serving to render precise the shape and 
dimensions of the large structures which it Is the purpose of the 
aerial magnetic survey to reveal* By way of example we adduce on 
illustration of the magnetic field over one of the large depressions 
in Western Siberia. Hie elevated field over the depression is bounded 
by a sharply varying field over folded structures adjoining the 
depression on the east and west (Figure 45 )• In addition reduction 
in altitude reduces absolute error in calculating the depth of the 
sources of anomalies* the tops of which are assumed to relate to the 
depths of the basement rooks* For these reasons* millionth and half- 
millionth surveys are run at 300-500 m above the locality* Hie deter- 
mination of altitude within permissible limits is based on the require- 
ments of safetyinf light* 


Hie Xs20O*OGO surveys for exact deterainationcf structural 







forms and developing the topography of the basement rocks must be 
run at the lowest possible altitude, as reduction in altitude diminishes 
the error in calculation of depths by increasing the intensity of 
the anomalies and reducing the absolute error in calculations. 

Assuming that there has been no change in relative error. Over flat 
country this type of survey is usually run at 100 m altitude. 

In prospecting for ore bodies, 11200,000, isl00*000, and 
1:50,000 scales are the most common. If the bodies being surveyed 
create strong magnetic anomalies, as is the case with large magnetite 
occurrences and ore bodies related to contact senes of basic and 
ultrabasic formations, the Z-aeromagnafcometer is employed * However, 
if weak magnetic fields have to be studied, it is the T-aeromagnsto- 
msier- that is used. 

Survey on the li 200, 000 scale is used for specific identifi- 
cation of large bodies of magnetic ores and pr im arily to spot areas 
meriting further work which are then subjected to more detailed study* 

The relation of occurrences of specific types to contact 
zones, fracture zones, intrusive rooks with identifiable magnetic 
properties, etc facilitate study in the sense that perspective zones 
may be fouiSS relatively widely spaced routes, while detailed 
studies are needed over rather small areas* 

The zones of contact rocks with varying magnetic properties 
are readily identified by characteristic changes in magnetic field* 

Ore formation in the contact zone, accompanied by segregation of 
ferromagnetic minerals, results in an increase in the intensity of 
the magnetic field near or on the boundary of the transition from 
the positive to the negative fields* In connection with the relatively 
slight dimensions of ore bodies, the magnetic fields of the latter 
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decline rapidly with increase In altitude. This means that it is 
desirable to conduct the survey at the lowest possible .altitude. 

When a large number of flights are made across the contact 
line there is a high probability that some of them will intersect 
segments enriched by ferromagnetic inclusions. From these findings 
conclusions may be drawn as to the pm^eets offered by the contact 
sons thus discovered and more detailed surveying may be conducted 
within the boundaries thereof. 

Contact cones of intrusions weakly differentiated in their 
magnetic properties from ore bodies often present considerable practical 
interest. ‘This is true, for example, of granitic intrusions in 
nonmagnetic sedimentary or sedimentary and metamorphic strata. In 
this situation, the zone of contact with the matemorphosed rocks 
may be discovered either by the changes in field over the metamorphosed 
rocks In the contact so ns, if they are magnetic, or by peculiarities 
in the field over the ore bodies. In the former case (Figure 24) 
one may assume relatively small anomalies which are clearly defined 
at low altitudes but disappear at high altitudes, in other words, 
anomalies that are definable only in low flights. 

In another case (Figure 25) the contour of the large granite 
intrusion, which is practically nonmagnetic, is identified by the 
presence of magnetic anomalies or individual bands of strongly meta- 
morphosed rooks intersected by intrusions* In Figure 25 the line 
of contact is defined with clarity insufficient for it to be depicted 
with assura^ 0 ® of accuracy but clearly enough for areas to be marked 
off for detailed study of the contact zone on la larger scale* 

Large fracture zones may show varying magnetic characteristics, 
depending upon the composition and shape of geological bodies therein* 
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The question as to flight altitude must also be resolved in favor 
of minimum altitude, as a characteristic sign of a fracture gone is 
apt to be a confused magnetic field possibly due to small intrusion 
forms* At high altitude this characteristic sign may disappear and 
the field will appear no different than the field of adjacent areas# 

One of the major objects of survey on the 200,000 scale, 
in addition to the specific search for occurrences, is determination 
of the geophysical signs indicating the degree to which individual 
areas offer prospects for the mounting of more detailed studies# 
Employing known data on the presence of ore bodies, geological bodies, 
and individual discoveries on aerial survey on the 200,000 scale, 
it is necessary to establish those zonal changes in the field with 
which known ore bodies or those found by survey are connected. 
Determination of zonal criteria for the prospects inherent in an area 
creates the conditions for economic planning of further surveys by 
the methods of aerial magnetic surveying# In many cases general 
principles are established rather simply, as for example with contact 
ores in which magmatic rocks are sharply differentiated from the 
ores by their magnetic properties or when deposits occur in fracture 
zones characterized by the strong magnetic properties of the intrusions 
therein, or when the objects of investigation are related to strong 
magnetic intrusions. 


However cases are encountered in which industrial findings 
a£e noted on the magnetic chart in the fom of isolated anomalies 
observed against the background of a magnetic field lacking any 
distinctive signs over a very large territory. An e xamp le of this 
is the anomaly over the iron ore resources of the Angara-Him district, 
which shows up in a 18200,000 survey in the fom of sharp negative 
peaks along isolated flight routes against the background of a quiet 


| 

5 



120 ~ 





I Sanitized Copy Approved for 


2010/09/01 : CIA-RDP81-01 043R0009001 00005-2 I 




field* It is possible that whan the accuracy of the measurements, 
is increased It will prove possible- to establish a relationship 
between these ore bodies and specific ssones in which good prospects 
may exist* At present however the prospecting here demands that 
flights be made only one km apart. 

In studies of ore bodies a preliminary Is 200,000 survey is 
not an absolute requirement under all conditions* It is desirable 
in areas that have had little geological study where general geophysical 
signs indicating good prospects are decisive in selecting districts 
for direct prospecting. Where geological data exist it is not necess- • 
■ary to confirm the prospects of specific large areas by preliminary 
survey on a relatively small scale* On the contray surveying on the 
1:100,000 scale should be performed at once, or 1:50,000 in areas 
of particular economic importance* 

With regard to aerial magnetic survey for mapping purposes, 
it may be stated that we have not given attention to the completeness 
with which the space between trips is covered, due to the fact that 
when flight routes are plotted across the trend of the rocks it appears 
entirely proper to fin the intervening spaces by interpolation* 

When ore bodies are subjected to direct investigation the 
situation is significantly different in that, for one thing, the 
occurrences sought may be lost in the spaces between the trip routes 
and, for another, the trends of the ore bodies are not always strictly 
in accord with the course of the rocks* Consequently the question 
arises as to the completeness with which areas between flight routes 
have been covered* It is obvious that as flight altitude is incre- 
ased the territory covered by each separate increases but the 

field intensity of each object declines* If the accuracy of the 


- in - 





j ^ , ropsuKsments are great, flight altitude nuy be higher than with limited 


.accuracy... Consequently, if -thi- probl em be posed of covering the 
largest; possible area where anomalies of givin sice am To unci (and, 
iA actual practice, anomalies of hypothetical area, based on geological: 
and geophysical experience), it becomes necessary to establish. the 
connection between flight altitude and distance between trips at a • 
given accuracy of measurement. 


The problem is resolved easily when the parameters of the 
objects under study, dimensions., shape, and maynot j e intensity, 
are known. However under real conditions tVie data required for the 
calculations are always conditioned assumptions, so that corrections 
must be made on the basis of field data. 

. Let us examine the problem of ' -altitude • and distance between 
flights as they apply to bodies of various shapes. 

(l) The objects of examination is an ore body of indeter- 
minate course, not penetrating to excessive depths, which may be 
regarded to. a first approximation as a sphere. 

The vertical component of the magnetic field of the spherical 
body, vertically magnetized is describ.able in the horizontal plane 
along a line passing, through the epicenter as follows 

2r*~ jt* 


Z*=M- 


;L173-) 



(ra +JC *)a/* > 

in- which M » Iv, meaning that the magnetic moment of the body is 
equal to the product of the . volume and. the; magnetic intensity; r is 
the distance from the center of the sphere to the plane of observa- 
tion, equal . to ■ the flight altitude, h, measured from the • upper edge 
of the deposit, plus the radius of the sphere (r - R+h). 

‘ 1 ' In ordier.Tor such an anomaly to be spotted, at. least' one 

' 1 - - ’ - 12,-1 - - - 
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■rniinb the .minimal 


As slurrin g a 


knowledge o f 


given type o 


instrurnen t 


4 = 


^unction by the 


maximum i 


Solving the problem of finding 


usual method, we find 


ssuming x* = 0, wa obtain 


0,862 A 


Writing the vnlu-: 


0,862*'* A*'" =1,724 A™ - 3*’, 
je* = 0,344 A*'*, 

* = 0,685 A'*, . 

r =0,720 A 1 !*. 


The geometric d position of the points, governing oho maximum wra.n ; 
of the -ire •. cov^roci in accord ince with the ill*"*' elevation is r.n ^ 
inclined straight lino w-nmt p-i ssinr through the center of .the- sph..r. 


_bh an ' anitul coerTicicnt o 
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iigure 46 depicts the Z field of the sphere • in ■•vertical' 
Action, expressed in mimoerstHcis, p,iv~:n iS = 10 U (that is, £-50 n., 
.1- 0.2). If th3 msasursd Z bs taken n S 5 mlliocrs'tads, the maximum 
area covered v/ill be at an altitude of h « 150 m above ground level, 
given x = 160 m, if we neglect the depth to tbs upper edge of the 
• body.. Finding this point on the drawing, we readily see that if the 
flight altitude be varied in either direction the width of the belt 
covered will decline significantly.. . 

It the measured value of Z be taken as one millioersted, 
we find accordingly that * = 270 *.r == 335 mJi = 285 M% or in other words 
in this case the anomaly will be found at flights between 250 and 
300 m altitudes along routes 500-600 m apart. 

V/s see from . the drawing that if under given conditions we 
work from an altitude significantly different from the optimum. • say, 
150 m higher -or lower, the probability of missing the anomaly will 
increase to approximately 20,1 in both cases. The optimal ratio is 
determined by the rough formula that the distance ‘between trip routes 
is twice the flight altitude. , 


' ( 2 ) The objects sought are ore bodies of no clearly-defined 

direction, but covering a considerable depth (columnar deposits). ' 


The equation for the Z curve along a line passing through ' 
the epicenter- b.r the deposit is expressed bv the equation 

2 ^ m (*a+jc J )Vi * ( 17 » 4 ) 

in -which in = IS, I is magnetic intensity, and 3 is' the, top of the; 
body; h is the .flight nl bi budo, relative to which we neglect the depth r 
of the top of the deposit. 


.Con .side ring that and in a*! pi. /an, ts wo did in the previous * ; V >v 

^ 1 " . * * ■ ’ ' ' * MM Sift® 

» - «« * ■ 
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cy-iCC, '<n coriv ; 


7)rtr r yn.yio:v.a : 7. 


Ah ^(A 2 +^) 3 / a , 


A y — const. 


j’-rom equal 


(17-::'), which osioblishes Xho relationship 


between h and ;c, ; we may find for any n. "i.owevyr, in. 'view cu 

tho ‘complex! ty of the analytic'*. I. expression , .we 'snnJLl cont in a our- . 
selves to an- examination of Figure U’( f in which the Z field is. de- 


picted' in the form of 


p tic o.l section, given m ~ 10 c/ea 


( for example , S — 2G0 m 7 J = 0,5 )• hot no nooum* for example that 

the measured value is Z = 3 *3 . do will rind that x, nj ,,= 360 M 
when h = 270 jw. Consequently at a flight altitude . df 2' 7 0 in the 
distance between flight paths must be of the order o C 700 in, so 
that the ratio is close to that determined for a spherical deposit. 


co nc c| rn s d a 00 s 1 1 


ant elongation the question 


as to distance between routes may bn examined independent of altitude, 
q y- it" is previously known that the. flight paths will. on perpendicular 
•to. the long axis of the' ore.' body, and the long seels is not shorter ; 
than the' space between flight paths, i'lowwor the course of ah oro' .' 

-body ..is not always known in' .advance even when the predominant course . 
of the rocks distributed across tlye area under study is khoym. Let ■ 
us sac what relationshi p should exist between ..altitude and spacing 

between paths/' to pornit complete 'Coverage oi\ the or e.a when the 

routes are parallel to the long axis. . /... 

-• (3 ) • The occur ranee is a vertical sheet pflinii. ted thickness . • • 
' but vary deep. In- this case - the equation' for thihZ curve normal- to . 

f. •' . v - :d ■■■ . . . ■ 

the long axis will be - • 'yl/.- 


.. ' Z — = 2 h j 


(17,6) 






; y.nyyay. 
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in which h is the night ^2 


•l'f CC’TilP' 'r'i 


ls;iva put of consideration the c 


■mr-irison with which we nr;- 


?. a c e of t h -3 d epo sib. 


' '• * P t h t o ■ o c c u r re nc-a- of t h ** 


*ipper sur- 


we obtain 


Assuming n rjj 1( j 7 + n - hfS . 
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bUDsti tuting the value wo | nve found 1 • 

1 - for h m equation (I7.7), 
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from which we derive 
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most economical .flight nifUnHr, u ^ . ■ 

g altitude be determined' by equation h=± t 
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.light pith, i s twice the flight altitude. 
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5 milll0ersfceds ’ h *iU be 500 ffl , and the 

distance between flight paths should be 2, = .000 * 


( 4 ) The Z field of a vertical strat 


Iieia of rt vGrtirvn ofr *. 

. b , • c il otratum of considerable 

ohi^Kness,- given very great distribution in depth, is expressed b* 
equation (/».?). 


Agsu.ting n i solving - the problem to find 
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the depth of occurrence 


compar 


depth •of occurrence o 


we obtain 


iub at ituting the value found for 


• Let us .assume, for 'example, that the radius ol a circular 
iction. through the cylinder R is JO m, the magnetic intensity I is 
2 cgsm, and the measured value of Z is 5 millioersteds. Then: 


the flight altitude 


ftomdftrhich vfc find' yua* 


or in other words "the- flight altitude is somewhat 


than half' the , distance between 
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1 2bh 

h>+x*~-b' 


4Abh^h* + x* - P, 
2Ab = h\xx l t 


h^2Ab=™-%:, 


4 A'b**-#.-*' 


x = bV4A‘ 4- 1 ~' 2 Ab as I , 


(ft 2 -f x 2 ) 2 = 2/l(A 2 — x 1 )- 


A 2 4- x 2 = <4 ; x mlt ^VA- h ' 


A 2 =2A(2A 2 -A), 


ZA' — iAh*, 


ft = 0,51^31 -O^r/Tf 


x = 0.5VT. 
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(6) Tlis Z , field of the vortical stratum :vb its liltinnb'. 


• dlstritou tioTTi in depth is stressed by th.* equation' 


2=2 


h~ l h+l 

ih — iy+x* (h+iyi+x* 


in which fJL is 2b I, 2b is the 'thickness of the stratum and 2 I, is 


the vertical dimension of the stratum. 


Taking d— - = A and solving the problem for wo obtain 


* W-Jl. 

mJ * '/-f 2/4 


M _ i(l+A)(l+3A) 
/ + 2/4 


Considering /, wo obtain the ratio between the height 


at which the survey was taken and the distance between flight paths. 


identical to that obtained for a cylinder. However, if the value 


of 1 and of A is of the same order, the ratio between altitude and 


distance between flight' paths approaches that established for 


vertical stratum of considerable distribution in depth (Figure AS). 


Theoretical study of the magnetic field of bodies of simple 


forms loads to the conclusion that in order for the entire area of 


survey to be covered, the distance between flight paths must be 


approximately twice the flight altitude, if the anomalies are created 


by punctuate sources close to the surface of the earth. , A more than 


■ 2 -fold increase in the intervals between flight oaths relative to 


flinht .altitude creates conditions under which the anomaly may be 


lost in the interval between paths . 


The real objects of prospecting always are of seme length. 


This need only be 200-3 00 m- for it to be possible to. allow a con- 


siderable increase in the ratio between the factor under examination. 


"that- . is,.: the. v dis troice between fJ-ipht paths and the altitude. 
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If the altitude of flight above the locality be set at 
100 m and must not be higher due to the risk of missing the anomaly 
because of low intensity at significant altitudes* the distance between 
flight paths* with allowance for the dimension along the trend* may- 
be set at 500 m. 

Ary further increase In the intervals between flight paths 
would make it impossible to be sure that the area will be completely 
mapped* within the requirement that all bodies at least 200*300 m 
long be spotted* 

If experimental work and available geological data provide 
reason for being confident that at an altitude of 200 m all anomalies 
of "practical interest will still be intense enough to be recorded, 
it is more desirable to work at this altitude and to increase the 
intervals between flight paths to 700, 800, or even 1,000 m* This 
involves the assumption that anomalies of practical significance 
include only those greater- than 500 a in length* 

If mineral deposits are long and the flights are transverse 
to the trend, the Interrelationship between flight altitude and 
distance between flight paths disappears* The distance between routes 
is determined in accordance with length and the altitude is as low 

ftA «AOC»4k1 o . 

|A^P0diW«UV9 

The experience of aerial magnetic prospecting for highly 
magnetised varieties of ore, confirms its practicality, provided 
that the method of search be rational* There are no standard methods 
of work applicable to all conditions* The only thing that holds 
equally for all conditions is the necessity for comparative study- 
ox magnetic field and geological map for geophysical signs of ore* 
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j This requires that the work begin at the best known areas, and that 

; known deposits be included, if any such are present* The checking 

of the planned method against known deposits permits rational solution 
of the most important problems of approach* 

In prospecting other ore occurrences, related either to 
intrusions of given composition or to contact sones or soma other 
geological environment depicted on the magnetic chart, problems as 
to distance between flight paths and flight altitude are resolved 
in analogous manner* Contact gones of large extent will be revealed 
if the distance between flight paths is considerable, while the 
intensity and nature of the field are best studied from a reduced, 
altitude. However, should it be necessary to study small intrusions, 
the shape of which approaches the equiaxial, then in this case as 
with bodies of iron ore of small extent the need arises to coordinate 
the distance between flight paths and the flight altitude* 

ift. Measurement of Magnetic Field f rom Yarious Altitude 

In aeromagnetic work the measurements along different flight 
paths are often taken at differing altitudes for the purpose of shedding 
light on the nature of the various anomalies by the gradients of their 
fields and to assist in calculating the depths and dimensions of the 
objects giving rise to the magnetic a n omal i es* 

Measurement of the Z field above and below the initial level, 
with the purpose of evaluating the field gradient, say be justified 
if the 2 magnetometer be employed, as the accuracy of the measurements 
is not high enough to make possible employment of methods of calcu- 
lation* As far as measurements made with the T-aeroaagnetometer t 
are concerned, further measurement of the field from altitude that is 
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only slightly* higher is of no greater practical significance than 
is the determination of the values for the field at the given altitude 
by calculation* It must be remembered that the values of the field 
measured at various altitudes must be closely matched to all 3 coor- 
dinates, a condition that is not always met by any means. In this 
situation calculated values for the new altitude determined by 
calculation are definitely of greater advantage. 


Measurement of the field at a higher altitude may be of 
practical significance in the solution of special problems, for ex- 
ample, experimental determination of the normal gradient along the 
vertical. It may also be useful in certain special cases, when 
calculation is impossible for seme reason* This would be true, for 
example, in an effort to calculate a field at a very high altitude 
for an area near the edge of the son© surveyed* 

Should it be necessary to study the field im a plane lower 
than that at which the survey has been taken, it is necessary under 
all conditions to give preference to measured and not to calculated 
values, as the latter involve considerable factors of error* 


The undesirability of measuring the magnetic field at 
various altitudes is further supported by the fact that measurements 
taken by field expeditions at more than one altitude find no practical 
application in the majority of cases, although certain useful con- 
clusions may be drawn* By way of example let us employ the At curve 
measured at 4 altitudes (Figure 49)* An examination of these curves 
shows that they do not fully correspond with each other, a circums- 
tance that may be due either to errors ^ measurement in the field 
or in the fact that the routes may have crossed, which would repre- 
sent a crude error in plotting the routes* The normal field also 
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show® errors* Specifically', it i3 considerably* stronger taken from 
the highest altitude than it is taken from the lower* It is obvious 
that this data is unsatisfactory for purposes of exact calculation 
of components of occurrence* nevertheless it is possible to draw 
certain approximated conclusions* 

Without giving detailed attention to the general geological 
interpretation of the field under examination, for which it would 
be essential to employ a map and not merely a cross-section, in 
addition to the magnetic field and all the other available geological 
and geophysical data, let us note only that the given cross-section 
clearly reveals the boundaries of at least 3 types of rocks (in the 
broad sense) significantly different in composition* On the right 
there are rocks that are virtually nonmagnetic and homogeneous in 
composition* On the left there are rocks whose magnetic intensity 
is of the order of 50*10 cgsm and which are homogeneous in com- 
position* The rocks in the middle show strongly varying magnetic 
properties and as to the nature of which we shall atempt to offer 
certain hypotheses on the basis of the measurements at the various 
levels* 

Ihe shape of the intensive anomalies at the lower level 
justifies the hypothesis that vertical strata of relatively slight 
thickness are present. In this case in which M is 

the magnetic moment of the section, and and h 2 are the depths 
of the top and bottom of the stratum* We are now in a position to 
write 4 equations for the 4 altitudes at which the survey was taken, 
with | unknowns* Correcting the inaccuracies in the curves noted 
above in relation to the level of the normal field, and measuring 
the magnetic field of the strata on the left from the maximum values 
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of At, wo obtain the following values for At^^i 3 ,800, 2,000, 

800, and 360 X. Employing th® 3 lower levels, we find the depth 
relative to the lower flight altitude: h-j_ » 220 m and h 2 » 8,800 nu 
The solution thus found satisfies the value of ATj^ at the upper 
level* Now let us proceed to the next large maximum with its values 
for 3 levels: 1,400, 460, and 180 X. By the same procedure we find 
the depths, being 105 m and h 2 2,600 m. The values of h-^ found 
for the 2 separate anomalies may be regarded as being very similar, 
as elimination of the faults in the curves may give rise to errors 
affecting the results of the calculations for h 1 and h^. For this 
reason and also because of the general similarity of the anomalies, 
the geological causes may be considered to be identical. Judging 
by the intensity of the field near the upper edge of the bodies, 
as found by extrapolation, we come to the conclusion that this 
anomaly may be caused by rocks with high magnetite content. 

The fact that the first anomaly is in the vicinity of a 
contact zone leads to the thought that there may have been contact 
metamorphosis of the rocks accompanied by the formation of a magnetite 
deposit. But from this it follows that it is also necessary to explain 
the other anomaly, 12 km from the first, on the hypothesis that 
contact phenomena are observable almost uninterruptedly (basing 
ourselves on the low maxima) over a distance of more than 10 km in 
a direction perpendicular to the long axis (assuming that the survey 
has been taken normal thereto). This hypothesis is so improbable 
that th8 first presumption, to the effect that the anomaly is related 
to an iron ore oceur£ 8nCQ ot contact origin, must be abandoned, and 
another more probable supposition made instead. This latter is that 
the entire central field of the anomaly represents metaaorphic shales 
through which there are scattered rocks of high magnetite content. 


- 133 - 





Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81 -01 043R0009001 00005-2 


Investigation of this hypothesis will involve the use of maps of 
the magnetic field, and all available geological and geophysical data 
on the area* 

Both the example cited and other data on measurements at 
various levels lead to the conclusion that measurements mad© at 
different altitudes for the purpose of determining the depth of 
occurrence and the dimensions of bodies must satisfy considerably 
stricter requirements as to accuracy of measurement and orientation# 
Special attention must be given to accurate plotting of the flight 
routes in a uniform vertical plane, with strict adherence to flight 
altitude® The difficulty encountered in adhering to these conditions 
presents convincing proof that it is simpler, quicker, and cheaper 
to gat this data for calculation of depth by calculating the field 
at various altitudes by the data obtained for that on the lowest 
altitude* In cases where practical considerations do require 
measurement of the field at a new altitude, orientation must be 
as exact as possible along all 3 coordinates, with no deviation in 
flight path from a single vertical plane* 

In the absence of clear landmarks along the route, one 
must either dispense with surveying along the route selected or 
set out signals on the ground for purposes of visual orientation* 

All measurements at each elevation must be made In the 
course of a single flight, and under the most favorable possible 
meteorological conditions# However each such series must be taken 
twice at the respective altitudes and the measurements must terminate 
at the altitude at which they were begun* Fulfillment of these 
requirements assures minimise error due to the choice of a "normal* 
field, and to zero creep, as well as close adherence of the flight 
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path to the locale, and accurate determination of flight altitude* 

In work with the T aeromagnetometer it is necessary to 
measure the temperature inside the cabin with a sensitive element 
so as to make the proper corrections, as change in altitude invariably 
carries with it change in temperature* In addition the At measure- 
ment must be corrected for the normal vertical gradient, which has 
to be determined experimentally on a segaant with a normal field* 

If magnetic disturbances be noted in measurements at any altitude, 
the measurements must be repeated* 

In determining the number of different elevations, one must 
be guided by consideration of the manner in which it is proposed to 
make use of the data obtained* In other words the, methods of resolving 
the problem should be worked out in advance* 

In choosing the intervals the areal distribution of the 
anomaly is decisive* For example, if an anomaly observed at 100-200 m 
does not exceed one km in width, there is no purpose in taking 
further measurements at one km altitude. It would evidently be 
sufficient to change the altitude by 200-300 m. But when anomalies 
are very large, running tb tens of kilometers in width, a change of 
only 200-300 m in altitude would add virtually nothing new* In such 
a ease one should fly at the ceiling of the aircraft* The taking 
of measurements at a number of altitudes without clearly defined 
purpose and methods of solving the problems posed, is undesirable* 

Only if the manner in which the data to be obtained will be employed 
has been worked out in advance will questions as to choice of directions, 
altitudes, methods of orientation, etc fee answered in gush fashion 
as to guarantee the most satisfactory results* It goes without saying 
that the taking of measurements at higher altitudes is decided upon 
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only if experimentally determined data may be expected to offer 
significant advantages over calculated data. 

10. Special Features of Aerial Mag netic Survey in WmfatoUs&a. 

In mountainous areas flight altitude relative to the surface 
of the earth necessarily varies, the amplitude of the variation being 
dependent upon topography. 

Efforts to hold to approximately a single flight elevation 
over broken country by plotting routes parallel to ridges and valleys 
have not given positive results, nor could they* An insignificant 
advantage in determination of slip is purchased at the expense of 
complications due to the need to obtain large overlaps, and violation 
of one of the most important conditions of aeromagnetic survey, 
that the flight paths be perpendicular to the course of the strata. 

The experience acquired in work under mountain conditions 
leads to the conclusion that 'when survying is onaa scale of 
1:200,000 and larger it is necessary to hold to the minimal eleva- 
tion permissible in terms of the instructions and flying conditions. 

If the relative altitude is high, large areas will- prove to have 
been recorded at greater altitudes than are desired for work at 
the given scale. In order to hold to a minimum areas taken from very 
high altitudes it is necessary to consider the possibility of dividing 
the Entire region subject to survey into sections large enough to 
make it worthwhile to do each at a given altitude above sea level, 
with some diminution in true flight altitude. This is quite within 
the realm of possibility in the case of work in the foothills and 
mountains of a single folded region* 

For surveys om a smaller scale, pursuing the object of 
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discovering large geological structures, the altitude at which the 
survey is taken may be increased, depending upon the conditions 
posed by the problem. 

Under conditions in which the survey is run at various levels, 
that is, when the various sections are taken at differing absolute 
altitudes due to considerations of topography, partial overlapping 
of the entire geological region must be provided for at low altitude 
so as to derive data for determining the effect of altitude on the 
general nature of the field. 

If the area presents a gradual elevation and if circumstances 
require flight altitude to be minimal, it is entirely proper to make 
the survey along an Inclined plane which approximately follows the 
surface slope. The apparent difficulty presented by the fact that 
a survey taken in this ^manner cannot be measured against a specific 
altitude above sea level is actually not significant, because deter- 
mination of altitude has to be subject to resolution of the geological 
problems, if the latter are best solved at low altitude, even survey 
along a wave-like path is not to be rejected, if no obstacles appear 
in terns of flying and the normal functioning of the equipment. 

Under all conditions of surveying in mountain areas, deter- 
mination of slip is of exceptional importance. The use of radio 
altimeters recording automatically in the course of the high accuracy 
survey is an absolute necessity# ’When the survey is from light air- 
craft not carrying this equipment, both the pilot and the magnetologist 
must record directly on the tape the moment at which a ridge or valley 
is crossed# 

When the results of the survey are depicted in the fora of 
curves along the flight course it is essential that the findings be 
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matched to the topography, as experience has shorn that if magnetic 


rocks are distributed through districts with sharply changing topography 


the curve of the magnetic field is highly dependent upon the relief* 


Changes in the ordinates of the curves recorded on the magne- 


togram are governed not only by changes in the intensity of the magne- 


tic field created by geological bodies* but also by many other causes* 


the effects of which must be eliminated to the greatest possible degree* 


One of the most important types of interference seriously 
affecting changes in the ordinates of the Z and At curves is due 


to unstable functioning of the equipment comprised in the aeromagne- 


tometer set* Anomalies appearing due to this error in measurement 


re called %ero creep” and manifest themselves in the fact that 


with the passage of time and no change in the external magnetic 


field the base (or zero) point on the magnetogram fails to remain 


constant* Zero creep varies from one set of equipment to the next* 


It fluctuates approximately in the range of 10 to 50 Y per hour. 


The most general method of determining zero creep consists 


of repeating the measurement after the lapse of a specific period 


of time* When magnetic survey is taken from ground level, control 


and base points are used to check the zero point* In aerial ma^ietic 


surveying* analogously* determination of the zero line is made along 


a cheek route, and there may also be measurements along the base 


routes* Differences in the ordinates of the curves during the first 
and second measurements, corrected for the effect of temperature and 


daily variation* is regarded as zero creep due to unexplained causes 


and is taken by convention to be proportional to the time factor* 


The smaller the interval between the first and second observation* 
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the closer to truth is the assumed linear sero creep proportional 
to the time factor* The maximum interval between 2 successive control 
measurements Is the duration of one flight* In this ease the first 
control route measurement Is made before taking off on the working 
tripe and the second after the work along the given route has been 
completed* 

Wh*n a Z aeromagnetometer Is employed the major eause for 
displacement of the sero line onee the instrument has settled down 
is change in the magnetic field co^ensating the Z 0 field in the 
region of rotation of the ceil (the qualification about the Inetrument 
having settled down is made because during the first 10-20 minutes 
of operation the displacement of the sero point may be considerable , 
due to a number of other considerations stated in the technical 
instructions for operation of the equipment)* is we know, in the 
first models of the coil aeromaipietometer a large portion of the 
initial field Zq was suppressed by the field of the permanent magnets 
and 1C— 20^ by the field of the current passing through the windings 
of the fine and crude compensation coils* k change in the latter 
compensates for change in the field along the routes* 4 decline in 
the voltage of the batteries feeding the oeapensation colic and 
change in the magnetic moment of the compensating magnet are the 
major causes of systematic creep in the scn> point* 

2h the 1946 model the lnfluenee of theee sources was reduced 
because the fields of fine and crude compensation were arranged In 
opposite direction, given Z - Z*. In this situation displacement 
of the sero line it affected by lack of constancy in the battery 
voltage only if a difference arlsts in the fields of fins and crude 
compensation. In the 1950 and 1951 models the displacement of the 
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taro line in aecordance with change in the voltage of the compensation 
battery is eliminated almost conpletely, as the initial field is 
suppressed by the field of the magnet without residue , and when the 
coil fields are employed for compensation anomalous voltages in the 
power supply are controlled and corrected by matching against the 
voltage of the standard element* 

Thus the one compensation field remaining uncontrolled is 
that of the magnet , which changes noticeably with change in tempera- 
ture* Change in temperature also causes change in the relative 
positions of the magnet and the induction coll, the resistance of 
the electrical circuits , and the battery voltage (including the 
standard element)* As the instnnent is not insulated against heat 
and has no special equipment to suppress or reduce the effects of 
temperature, it must be assumed that the shift in the zero line in 
the most recent instruments depends chiefly upon temperature* 

Aeroaa&ietic survey is run either early in the morning or 
late at night* A flight is usually of U hours duration* Under these 
conditions it may be assumed that the change in direction from the 
beginning to the end of the flight will be in one direction only and 
consequently the displacement of the sero line for the reason indicated 
will also be only in one direction* 

There is no doubt of the fact that fluctuations in generator 
voltage feeding the motor of the induction frame affects the position 
of the sere line* The use of a resistance bo& will stabilise this 
voltage considerably, but certain voltage variations will occur none- 
theless* When a wind-power generator is sgpLoyed the voltage variations 
at the motor terminals are not a function of tims* However, if batteries 
are used, the voltage will drop with the p as s ag e of time* 
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Limiting ourselves here to an examination of the major 
causes of displacement in the zero line of the 2 aeromagnetometer, 
we must conclude that regular zero creep during the flight should 
be in one direction only and, dependent upon the properties of the 
power source, the creep may be taken to within a satisfactory degree 
of accuracy to be proportional to time where brief periods are con- 
cerned* 

Flights with the T aeromagnetomatsr are usually 8 hours In 
duration,, With flights of this duration and with the considerably 
stricter requirements of accuracy it is not possible to work on 
the assumption that the shift in the zero point is linear* 

The fact is that tests of zero shift during the shorter 
intervals show that with certain models the hypothesis that the 
displacement is linear is not valid even' for purposes of very rough 
approximation. This raises the question of assuring control of 
the readings on the instrument for briefer periods within the interval 
between measurements on check trips* 

In selecting the check route for regular monitoring of the 
zero point it is necessary to be guided not only by technical but; 
also by economic considerations* Consideration of both leads to the 
establishment of the following requirements* 

(1) For convenience and economy of available summer time 
the check route must be near the airport and have distinct boundary 
and intermediate landmarks* 

(2) The check route must be in a quiet magnetic field to 
eliminate the effect of inaccurate plotting of the check route in 
altitude and in the horizontal plane* The measurements are run at 
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the sasae altitude as th© survey prop© 2 *« Should it prove impossible 
to locate a route near the airfield to meet these requirements* the 
check route may be laid out in an anomalous field* In this case 
however the measurements must be run at high altitude to reduce the 
relative effect of anomalies should the check route be flown inaccurately 
either in altitude or in the horizontal plane* Local conditions 
determine whether it is more economical to set the check route at; 
some distance from the airfield, at low altitude, or alongside it, 
at high altitude# 

(3) The check route is set at a length necessary and sufficient 
to record the magnetic field with due confidence and to Gheck the 
functioning of the instrument# In practice this requires a flight 

of about 10 km for a FO-2 aircraft and about 25-30 km for an LI-2 
with T aexoaagnetometer* 

(4) When working with an aerial magnetometer installed within 
the aircraft the course of the check route is set parallel to that 

of the actual routes to preserve unchanged the inductive effect of 
th© geomagnetic field on the masses of iron around the magnetometer* 

If the deviation of the zero values on the outbound and inbound 
flights exceed the permissible levels, due to differences in induction, 
measurement on the control route must always be taken in each direction* 

(5) Measurements on the control route are always made before 
and after the actual survey flights have bean flown# 

Should 2 or more airstrips be used within the limits of the 
area under s£udy, new check routes are laid out near each strip, each 
such route being carefully oriented relative to the preceding one* 

The control routes must be entered on the map and described in the 
report, with indication as to the anomalous field on each control 
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route if it should differ from the normal* Hals is necessary for 
purposes of aligning the survey with those on adjacent areas* 

Alignment- of the new control route with the old for the purpose of 
determining the difference in the values of the fields along the 
old and new control routes may be performed simultaneous with the plotting 
of control secants of the routes » 

Significant errors in determining the ssero creep in operating 
with the T aeromagnetometer, due to an inaccurate hypothesis being 
made as to the linearity of the mm creep ? results in the appearance 
of systematic error in the ordinates of the Af curves, which changes 
rather slowly with progress along the route, ihis error is not 
sufficient to affect seriously the geological conclusions on each 
anomaly taken separately, as it takes no more than a few minutes to 
traverse even the largest anomaly. Hie effect of these errors is 
felt only in compiling charts of the magnetic field of large areas, 
maps to be used for the derivation of general judgaents and conclu- 
sions as to the geological structure of the area under study, and 
therefore governing the planning of small scale geological survey. 

Thus the larger the scale of the aerial magnetic survey, the less 
the practical significance of the systematic error to which we have 
reference. Bi email scale survey the significance of systematic error 
rises and measures must be taken to eliminate it or reduce it sharply. 

One of the methods used for obtaining a more precise picture 
of aero creep is the taking of a repeated series of measurements 
over a short stretch of the order of 20 km at the beginning of the 
n*l route after completion of the n+2 and before setting out on 
the n+3> these repeated measurements are spaced to occur every 2-2.5 
hours. Hie deviation of the average values of the orSlnatas along 
a a aatiaa of a given route during the first and second measurements 
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of At governs the aero creep during a given time interval. In some 
cases aero creep may be determined very strictly, as described below, 
for the purpose of setting up base lines* In the area to be surveyed 
routes are plotted virtually perpendicular- to the projected working 
routes and along clearly-distinguished landmarks* 

Test routes should preferably pass through the starting 
and/or finish points of the planned working routes* If the length of 
the latter is such as to be traversable by the aircraft in less than 
2 hours 2 base lines at the boundaries of the section are sufficient* 
Where more accurate results are desired or where the length of the 
working routes takes more than 2 hours to cover it is important that 
there be a third base line passing approximately through the midpoint 
of the working routes* 

Measurements for the base routes are run at the same altitude 
as the survey of the route* At each such altitude measurements are 
taken at least twice, the number of times depending upon whether the 
disagreement in the values of the Z or At fields exceeds the per- 
missible level* The effects of variations, temperature, and aero 
creep are eliminated and the measured values are reduced to the values 
of the field on the check route, which are tentatively taken as normal* 

Where there are such baseline routes with good landmarks 
at the beginning and end of each trip route (along with points of 
intersection with the intermediate route if such a route has been 
laid down) the working routes do not have to be oriented to the 
check routes and the latter are uded only to tune up the T aeroaagneto- 
meter* The processing of the curves will consist in lining up the 
ordinates of idle curves at the points where the waking routes Inter- 
sect the base lines* The further elaboration of the data to compile 
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a map of. fcne field. Will consist; of' V icuna t in a the normal : ' 

gradient and the remainder of the : normal field. 

. If - there arc -adequate data for ob bain ing the gradient of '' 

■ the normal Held irom the measurements on the base routes this ir 
v v/hat ls to bG done - .. Ibon- the.curvol for the working routes, .corre- 
lated, at their termini to the y;iln for the field* on the base routes, 
will be freed of the influence of the normal gradient- Use of this 
method is possible only when there are good landmarks on the base 
routes for each working route, in nature these conditions are met 
only under exceptional conditions. Consequently there is no basis 
for assuming that this, method will bo widely employed. 

Zero creep is the main source of error. In. work with the 
Z ae romagnetome t or the effect of temperature and daily variations 
is not examined independently but enters into th? total "zero creep" 
error. In work with the A aeromngnefcometer changes in the readings 
due to change in temperature and daily variations must be considered 
. se para eery if the .intervals do tween check observations are larger 
.than about 2 hours. In the high latitudes the allowance for variation 
must always be conducted independently of the time intervals between 
check measurements. ' When survey covers a wide band of changing 
alcitud.es or- .takes place during days with . sharp temperature variation, 
corrections • must be made even when the time intervals between check 
measurements are short. 

Variations in 8f are calculated on a formula develooed from 
the equation T 2 =~Z* + to .wit : 

ar=r&Zsin/ + 8//cos/, 

*fher-e 8 Z and : are variations in the vertical and horizontal c^n^-on^ 

and I is the angle of din. 1 -f b , ; -f--' f ’■ 
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Thus each expedition must have Z and H variometers to measure 
these variations. 

Let it be noted that an instrument for direct measurement 
of 6T may easily be desired on the principle of the balance. All 
that is needed is to set up a magnetic system in the plane of the 
magnetic meridian so that the magnetic plates are perpendicular to 
the total T vector. In order to adjust the system for the magnetic 
meridian of the given locality the magnetic plates must have an 
attachment for measuring the angle of dip of their magnetic axis 
relative to the horizon. The presence of such an instrument very 
greatly simplifies the complex work of calculators when they use 
the records of 2 variometers. 

In order to evaluate the error in measurement and orientation 
measurements are repeated along the routes previously traversed* inter- 
secting anomalies of average intensity and gradient. With this object* 
series of flight routes are plotted approximately normal to the workings 
route* primarily to make possible subsequent lining up of the normal 
field as maps of the magnetic field are plotted. 

There is no point to covering, much mileage on repeated and 
secant routes* as these measurements do not improve the accuracy of 
the work but only serve to evaluate it. If an expedition devotes 
10 % of the total survey flight mileage to this, then, assuming the 
total cost to be one million rubles, this factor will come to 100*000. 
It is difficult to justify such an expense if the check measurements 
for determination of quality find no reflection in the geological 
conclusions* as is virtually always the case in actual practice. 

A number of routes must be chosen for purposes of repeat measure- 
ments* but those selected must be the most typical for the purposes 
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of solving the geological problems posed by changes in field. However 
survey along secant routes should be done by rising the flights from 
ih# airfield to the point at which work is to be undertaken. The 
mileage needed to determine the accuracy of the work and for purposes 
of alignment should be 5% of the total or less. 

21. — Elaboration of Ma gngtgggams for., Salculation. of-JPegtha .and 
OtMr_ (lommenta, of Oocurrence of Magnetised Bodies 

The greatest possible accuracy of measurement of the magnetic 
field is the most important single consideration in the data employed 
to calculate depth of occurrence, dimensions, and the angle of dip 
of magnetized bodies. Every operation involving the curves directly 
recorded on the magneto gram, simple hand copying, change of scale, 
introduction of corrections with redrafting of the curves, etc, is 
a source of additional error. For this reason the calculation of 
the depths and the other components of occurrence demand employment 
of At curves that have been reworked only to the minimum degree 
necessary for calculation. 

The only operation absolutely essential is the transfer of 
the At curves to millimeter-square graph paper, in a linear scale 
of not less than Is 50,000, the scale of the ordinate being retained. 

If the linear scale of entry on the magnetogram is determined by a 
winding rate of 8 m per hour the curve will be drawn on a scale of 
1825,000. 

We know that In work with the T aeromgnetomater a constant 
scale is alloyed for the ordinate (1,000 / for the entire width of 
the 28 am tape), and one of 3 scales for recording the route traversed s 
1,2, and 8 m per hour. At an average rate of 200 km per hour this 
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corresponds to scales of 1:200,000, 1:100,000, and 1:25,000* The 
field ta always recorded on a larger scale than that of the survey* 

It la desirable that* regardless of the seal® of the survey, the 
scale of the record be not less than It 100, 000* In other words, the 
rate at which the tape winds should be 2 and 8 at per hoar, the former 
being used only for survey at veiy high altitude* where there is no 
possibility of encountering fields with high gradients* 

2he following rules met be adhered to as the Al curve, is 
transferred to mllliaeter paper© 

(a) The nommiforo scale for the route traversed* varying 
in accordance with the ground speed of the aircraft* wm% be rendered 
unifora* the new scale being not smaller than Is 50, OCX). 

(b) The AT ordinates beyond the first thousand gaaaae 
on the tape* oust be totalled. 

(c } The At ordinates xa&st be counted not from a horizontal 
straight line sequent but from a sloping line drawn to correspond 
approximately to the overall increase or decrease in the ordinates 
, of the curves bn eegaents of appradoately 50 tau 

Ho strict correction for sera creep* tezmerature* variations, 
and normal gradient are required* at this stage of tbs work* as depths 
say be calculated adequately by moans of anomalies of Halted width* 
not exceeding 20-30 km. Over this distance* which is oevered ky an 
aircraft in a few minutes* the total of all the corrections say be 
regarded as being a linear Amotion of the distance (except where 
magnetic stems ere concerned}© 1 snail error hi the angle of dip 
of the sero line nay well be present but It if of no practical value in 
calculating depths. She choice of the level of the field conventionally 
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regarded as normal la ‘also of no significance* In cases where methods 
of depth calculation related to determination of the level of the 
normal field are employed* it will be necessary to proceed In the: 

•am* manner aa la now the eaee In employing maps of the magnetic 
field, to wit, a level la aelected for eaoh individual anomaly, often 
by the particular worker* s intuition* 

Without tmdertaklng a critique of this method, we note 
merely that these methods of calculating depth are applicable only 
to a very limited number of anomalies* Aa far aa coat anomalies are 
concerned, including those Just noted, it is necessary to employ 
methods of calculating depths, dimensions of outcrops, and angle of 
dip, unrelated to the depth of the normal field* 

The selection of a normal field, founded on real considerations, 
is Justified only when the number of geological problems Includes 
the problem of calculating the depth of occurrence of the bottom of 
the magnetised body and calculation of the intensity of the magnetised 
rocks* 

When A? curves are depicted on the millimeter graph, they 
should be superimposed, with adherence to the accepted scale along 
the direction of the routes and to a larger scale in the direction 
perpendicular thereto* The scale for the intervals between routes 
is chosen so that the A? curves vd21 hot intersect and se that space 
will remain for the drawing of the subsidiary curves* It is m&ecessary 
for curves covering the entire course of the route to be depicted 
on a single sheet* The entire area covered may be divided into a 
number ef segments, each convenient to work with, and the curves 
entered thereon, maintaining an overlap of 1CM.5 cm* If the border 
happens to be at an anomaly .the overlap may be larger* 
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A topographic profile is drawn beneath each At curve, as 
is the flight path, as read from, the radio arid barometric altimeters, 
and, for purposes of checking, a profile from the topographic map. 

The work sheets thus compiled must be examined for accuracy of field 
measurements and orientation before being employed to calculate the 
depths of occurrence of sources of the anomalies. 

The methods of aerial magnetic survey make possible a general 
preliminary evaluation of the accuracy of the measurements and orien- 
tation by an examination of the results of the measurements as set 
forth in the graphic form prescribed. True, the survey is conducted 
by solidly covering large areas with parallel trip routes, the dis- 
tances between which will as a rule be smaller than those of the 
bodies to be identified and mapped# Consequently we may expect to 
find an interrelation between the magnetic field intensities of a 
series of adjacent trip routes. This relationship is seen in its 
sharpest form in repetition of anomalies from route to route, with 
gradual change in the shape and amplitude of the curves, repetition 
of stepwise change in field intensity, and in the fact that it is 
possible to follow a uniform field on many routes. Taken together 
all this makes it possible to follow the axis of extended anomalies, 
the contours of large regional changes in field, and the contours 
of homogeneous fields. 

By following changes in field along the trip routes and from 
one route to the next it becomes possible to identify the pattern 
of appearance of extreme values, thus eliminating doubts as to their 
reality. On the other hand the appearance of marked changes in 
field on one trip route only, changes not suggested by the general 
character of the changes in the field on adjacent routes and in the 
given district in general, and not such as would seem to be a result 
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of the known geological structure of the area, gives rise to doubt. 

This does not mean that isolated anomalies are inevitably false. 

We know of geological regions in which sharply defined and narrowly 
localised peaks of positive and negative values are typical, as may 
be seen from the magnetic chart of a specific district (Figure 2Qj* 

Dubious changes in field are eliminated from examination hereafter 
in our calculations of depth of occurrence. However, if isolated 
anomalies should come to light in connection with the solution of 
geological problems (for example, in efforts to find highly magnetized 
ores), they must be confirmed by repeated flights. 

Quantitative estimates of errors in measurement are based 
on the results of repeated measurements over individual routes laid 
out along clearly defined landmarks. 

The At curves of repeated measurements are calculated in 
the same fashion as those for all working routes* The greatest sig- 
nificance in calculating depth and other components of occurrence 
attaches to evaluation of the accuracy of relative changes in f lexd, 
within the bounds of each individual anomaly employed in the calcu- 
lations. Therefore in order to evaluate the error in measurements 
it is important to rule out the effect of all systematic errors such 
as those related to orientation, zero creep due to various causes, 
and errors in determination of the normal field. 

This being the case, we shift all the curves to an identical 
altitude before proceeding to compare them, by recalculation for hitler 
altitudes at points where differences have been found. Next we super- 
pose the curves not by the eessaon coordinate points but by the character- 
istic points of coincidence on the Af curves, which may include clearly 
defined wandwia. and minima dnd their gradients (points of inflection, 
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that is). As the level of the normal • field has be-, in set arbitiui 2 |p.y, g 
displacement of' the curves along the vertical -and adjustment of the 
angle of dip of the conventional zero line are .entirely permissible . 
Where long trip routes are concerned it is entirely possible that • 
after the superposition of .the coordinates of the characterio tic 
extreme points, the curves will show a regular divergence both along 
the trip routes and. the • sJ ope of the conventional zero line. As the 
o eject in. the given instance is not a general evaluation of the 
accuracy of the future map of the magnetic field but of the accuracy 
of the relative changes in field of individual anomalies, discovery 
of systematic divergence of the curves requires that they be compared 
along individual segments of the route, with superposition of the 
characteristic extreme points bounding the various segments. Naturally 


the segments 


be smaller than the width of the anomalous zones 


being used at the same time for depth calculations. 


On each separate segment, after the superposition of the 
characteristic points, the differences in the ordinates are calculated 
at intervals of 0. 5-1.0 km. The sum of all the differences should 
be close to zero. If it differs from zero to any considerable degree 
this means that a systematic error has occurred which has to be 
eliminated by repeating the superposition of the curves and calculation 
of the s (A T) differences. After differences have been found to 
satisfy the condition that £ o (&T) = d, the mean square error is 


found on the formula 


± jAM21L, 


in which. n is the number of points employed. 


Figure $0. depicts ‘the At curves twice measured on a single 
trip. It is clear that in order to eliminate errors in orientation 
and evaluation of the accuracy of mu .‘.summon t it is necessary to shift 
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the right side until it coincides with the At maxima, while the 
left side is permitted to remain where it is* 

The error in orienting the points on the route is determined 
by applying the At curves adjusted to a single altitude to coordinate 
points, subsequent to which the differences in the coordinates oft. 
the characteristic points are derived* In the given case the problem 
is the calculation not of the accidental error in the position of 
each point on the curve but the systematic errors in orientation of 
large segments, due in particular to the consequences of accidental 
errors in orienting the aircraft to specific landmarks* 

In order to determine the specific error in orientation 
the equation adduced above will not do* The error in orientation 
is calculated as the arithmetic mean of all errors found in the 
position of the characteristic points on the At curve* However it 
is impossible to use the average of the entire lengthy route, as 
errors on specific segments may differ in value with the result 
that the error may remain at zero* therefore it is calculated 
separately for the various sectors characterized by distinctly 
different and systematic divergences* If there are sudden changes 
they may be found to coincide with the landmarks used for orientation. 

Calculations of this order are run for all the routes on 
which repeat- measurement have been made* Only after the mean errors 
on the individual sectors have been calculated is it possible to 
apply the formula adduced above specifically to mean errors* The 
magnitude calculated will characterise* the mean square accidental 
error in orienting the aircraft to the landmarks employed* If the 
number of repeat routes is small the data obtained will be inadequate 
to calculate the mean square error. In which ease the error is 
characterized by the largest actual displacement* 
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• The • calculated ms an square error *in' m-.i.ami-'-ament’ of the . 

/\ T field determines the approximate limits of the possible errors 
in re] alive At values* In accordance with the familiar rules Cor 
die tri caution of error the probability of triple error ' is • . 0 • 3 .•£, meaning 
that if m «= i 10 ■ t, the pons Lb] •:? errors may attain. .30 X . Direct 
nmploj^ept of the calculated error for <f.rrn Illative evaluation of 
the ryror resultaiit there from in on] culatxon of depth and other 
components is not. possible. 

In addition the calculated error does not resolve the. problem 
as to whether certain weak anomalies, whose amplitude is - within the 
limits of error, actually exist. To do this it is necessary to know 
the error In recording the gradient of the field in the direction 
of the trip route, which, given a constant factor of error m, is 
lary lv dependent upon the amplitude of fluctuation m the Z\f field. 
Therefore it cannot be asserted beforehand that geometrical plottings 
(do nth, dimensions, and dip of magnetized bodies) along the At curve, 
ID":. cured along a section of a given trip route with an error of 
m — d-- 5'f , will be more accurate than those plotted along the Af 
• curve- along some other trip route, whore the error is m«±.10 t 
on i ho condition that in both cases we are dealing, for example, 
with anomalies over bodies of very simple form. However it may be 
stated that in both cases the geometrical structures will be more 
exact is the error in eacp will be, for example, only half as great. 

Evaluation of the error in the recording of the curves along 
the route is necessary nevertheless as a measure of the reliability 
of changes in field along particular sectors designated for calculation 
of depth and other components of occurrence, even though it cannot 
: ..he converted into a conre to measure of the error in calculating the 
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No difficulty is encountered in calculating the error in 
measurement of the field gradient by plotting the ^3 along .2 At 
' curves, / twice measured on a specific route. : However a more' evident 
measure of the quality of. the; A T measurement i£ presented by coaipari son 
of sections describing the geometry of magnetized bodies plotted in ‘ 
identical ./.ashion on two At curves repeated on a specific route. 

It is obvious that if the solution is bo coincide with an accuracy 
corresponding to the accuracy of the graphic and- mathematical operations 
required to compute the depth ana other components of occurrence, 
the accuracy of measurement of the field must bo taken as adequate 
for the methods of calculation of depth, now available. However if 
tho divergence is expressed in some tens of per cent the accuracy of 
measurement must be recognised to be unsatisfactory for solution of 
the geological problems in question. Only this provides a basis for 
understanding the requirements for accuracy in measurement. However, 
as no such research had been performed and as the accuracy of cal- 
culation of the components of occurrence reveal a direct connection 
wit.M the accuracy of the starting data, one may fully understand the 
requirement that the maximum accuracy • capable of being attained by 
oodayfg techniques be attained.. It is necessary to strive for 
•accuracy of measurement along short sections of route equivalent to 
the ueso-suand accuracy ol the in s t n intent s . This comes to about • 

•'db (5 7 -f-1%.) lor the T-aeromagne tome ters now in use. 

The effect of errors in orientation in tho horizontal piano 
requires no extensive explanation. Points for which depths have been 
calculated and contours of bodies arrived at by calculation will be 
displaced to a magnitude equal to the error in. orientation. 'Hie error 
in determination of altitude will enter in its entirety into the . -1 

error in calculation of depth. _ l: 
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After all the A? curves have been examined in the wording 
plane to determine the credibility of changes in field observed by 
the survey, curve segments are selected for us© in calculating depth 
and other components of occurrence and also the intensity of magneti- 
zation of the rocks* When methods of calculation are used which 
have been developed for bodies of limitless extent, the appropriate- 
ness of these segments has to be determined* The choice of method 
for solving the problem of depth of occurrence depends upon the 
type of At curve* Where isolated simple anomalies are concerned 
relatively simple methods of calculation may be used, but for all 
others the methods have to be those suited to analysis of complex 
curves and, in particular, the higher derivatives* 

22* Elaboration of Maanstograms for Compilation of Magnetic F.ield Hans. 

Maps of magnetic fields, shown as isolines in 2-dimensional 
depiction, cannot be used to calculate the components of occurrence 
of magnetized bodies with the accuracy v/ith which this may be done 
when the magnetograms themselves are used subsequent to the elementary 
processing set forth in the preceding section* The reasons are in 
the first place the fact that the map of a magnetic field is the 
product of complex elaboration of the raw data, the result being 
that additional errors are unavoidable* In the second place the map 
presents a leveiled-put field in which many details needed to calcu- 
late the components of occurrence have either completely disappeared 
or are reflected improperly* 

Maps of At isolines generally contain errors which represent 
the results of inaccurate allowance for zero creep and some degree 
of error related thereto in determination of the normal field* 

These errors may attain large dimensions in T aeromagnetometer survey 
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as is indicated by experimental determinations of aero creep* which 
is sometimes not only not linear but even reveals change in sign in 
the course of a flight. Due to these errors the level of the field 
taken as. normal may along certain .segashts of adjacent routes differ 
by som tons or oven by hundreds of gammas* 

In drawing t bo iodines this divergence is expressed In saooth 
inflexion of the line and* if it goes into the geological interpre- 
tation/ it say remit in an erroneous impression of the geological 
structure at the given point. Die At curves based thereon and used 
to calculate depth and other components of occurrence will differ 
significantly from the Initial curves due to an unavoidable levelling- 
out* 

lhase largo errors* which are of no significance whan the 
original curves are used to calculate depths and other eoispononts 
of occurrence* render it impossible for the lsolines on the maps to 
be of high accuracy in terms of changes In the field over a compara- 
tively brief interval* equal, to the -width of the anomaly. As a matter 
of necessity the intervals 0 between Isolines are chosen in such fashion 
that many important details of the fields disappear therein. 

The errors under consideration may be reduced considerably 
by checking the sue line at brief tine Intervals in the course of 
the survey* But in this ease 'too it is not possible to use equal* 

small internals between the ieollnee* as the presence of intensive 

• . * 

anomalies with large gradients would derail ispractlcally close spacing 
of the isolines at many points. 

Under these conditions gradually increased Intervals are 

the normal solution. When this procedure is followed virtually ali 
the slight variations in field in the region of strong anomalies 
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diaappaar, a phanomanon that seriously affects tha differentiation 
of tha rocks* 

TM« unavoidable smoothing over of the fiald as it is depicted 
in isolinss leads to a situation in which aerial magnetic maps com- 
piled on tha seals of the survey are Incapable of reflecting the 
details of geological structure in accordance with the given scale. 

Thqy are capable of being used only to reveal slpiflcant peculiarities 
in the geological structure of the given territory and consequently 
they are caviled so as to serve the purposes of small scale mapping. 

Tha i^ortanes of this procedure is not subject to question, 
as determination of the special features of the aagnotlc field over 
large area* by a general exeat nation of an lsoline map (or of a s mall 
seale 2 graph* in survey* with the 2 aerumagnetometer) provides very 
valuable data ter clarification of tha general geological structure 
and In amt Crises for the selection of areas offering good prospects 
for seeking useful resources, let us cite the well known examples 
from the West Siberia survey. In which the regular arrangement of 
the testifies to the existence of folded strata under 

thick sedlnrttarles, or the Bast Siberia survey, where unique changes 
in field have permitted the mapping of effueivss, or the survey of 
the European north,, where overall maps revealed the existence of 
largo structures, iaportant In determining the directions In 'which 
pro e pee ting should bo conducted, etc. 

for the purpose of compiling map* of the magnetic field, 
the measured values of 2 or A? oust be freed of eooponents introduced 
by daily .variations In field, nmtl gradient of the field, uncompen- 
sated residue of the wan value of the normal field, and those varia- 
tions in the readings of the wasurlng lnstrwanta which are not 
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related to the measured magnetic field* 

Special allowance for variations is not nearly always 
necessary, even in work with the T aeromagnetometer • 

If the control Instruments recording the variations show 
them to follow a smooth course in one direction during the period 
that the instrtiBsnt is operating in the air, changes in the instrument 
readings go into the total magnitude of the ”sero creep” and are eli- 
minated on correction for aero creep* 

However, if the control instruments recording the variations 
show t hafil to follow a nonlinear course, with considerable amplitude, 
special correction for variation is necessary, as in this case changes 
in field Cannot be regarded as proportional to the time factor* 

An exception is to be noted if intermediate control measure- 
ments are run in the process of the work at intervals in which the 
variations occur in approximately linear fashion* 

0 In the northern latitudes, correction for variation is 
> essential* 

Measurements during powerful magnetic storms are hardly 
subject to correction* His question as to the possible introduction 
of corrections is resolved In each separate case in accordance with 
the amplitude and frequency of the fluctuations in the intensity of 
ths field* If it is impossible to make these corrections the measure- 
ments must be repeated* 

Corrections for change in temperature are made independent 
of other corrections if the fluctuations in temperature were insider able 
and the sign of the temperature changed* In practice the question is 
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resolved in terms of the relationship between the maximum correction 
for temperature and the correction for zero creep o If the former 
correction constitutes a small fraction of the latter (let us say, 
less than 10$), then one may dispense with correction for temperature 
as it becomes part of the general correction for zero creep# If the 
effect of temperature is small the correction must be made separately 
and the zero creep is corrected in accordance with the control 
measurements after correction of the measurements on the check route 
for temperature# 

Correction for zero creep is performed by measurement of 
the field on a check route before and after completion of the work 
on the working routes. Should the magnetometer be housed within 
the aircraft and the instrument readings show change in course to 
have a marked effect, the check route measurements are run on the 
outgoing and incoming trips parallel to the working course# If the 
sensitive element is carried overboard, measurements on the check 
course are run in one direction at uniform intervals and at an 
identical altitude# 

Let us consider the magnetic field on the check course to 
be the normal and the instrument readings on the course to be the 
mean ordinate of a curve relative to the zero line on the tape# 

Let us designate the mean ordinates before the start of work on 
the outgoing flight as A-^, and on the incoming as A£, with and Bg 
having the same meanings after the completion of the work# 

When the instrument functions normally the divergence of 
the zero values on the outgoing courses prior to and after completion 
of the work, constituting A^-B^, and that on the incoming courses, 
constituting ^ 2 ^ 2 * mus ^ b® identical and determine the change^ in 
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the. Zero point during the time int-uV:.:. a, ; yj,. ;C y :lri o 1!r ^ en |-^ - 

The dif fe renew A-l is dot ini n »d for’ >,H > T—.- • a-i >t -r n-. pi , ••■! OM . . 

to the m||oUj:*'Ti-?ri t j male in or:: dir iction cnlv. 

.iacing trie cn angers in • one . jnrx.' v.o.ue - .to be proportional. to. 
the time factor, lot i.> c.- -Quiet* hi, • ordinal no of th~- arbitrary 
ri * 0 ^ - 1TI 11 the ; >-iun-v an i a; a of each working trio, r ■;].■• hiv : 

to the za.ro -line of the b..pe, on the ’o:naud 

in which, t.^’ and t ;y represent the time - periods to which the check 
run non r ?m vi to A and B pertain ; t. i 3 any given rnoia jnt ‘in time in the 
interval between t-j and t 2 * The values Aj_ and by or k? and ly.- are 
substituted^ in the -formula, dep riding upon the direction of the 
routes* 

Determining y t for the beginning and end of each working 
route, let us connect the ordinates found by direct lines, in relation 
to which the ordinates of the continuous curve recorded on the working 
route are determined* The lines for the base value will slope if 
tne measurements on trve. check course before and after the wprk diverge* 
However, if the instrument readings on the check route are identical, 
the base lines will be horizontal. - 

In cases where repeat -?d measurements are taken along a number 
of segments of working courser, during a single flight the zero line 
creep is determined by the measurements on the check course -and' repe- 
titions on the working courses* In order to provide for the latter 
the mean ordinates At or Az are calculated on each segment of 
repeated measurement (as for the' check route ) and this value is .Applied ft.; 
to the midpoint in time of the work conducted along the given sector* > f 

In accordance with th is d at a the zero— point creep curve is drawn to . . 
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correspond with the graph shown in Figure 51# where time is plotted 
on a definite scale on the x axis and the average field values in 
gammas are plotted on the y axis* 

Let the average time reading for the measurements on the 
check course be t^ at the beginning of the work and at the end* 

The corresponding values of the mean ordinates on the check course 
will be All and • If no intermediate control measurements have 
been made, the straight line connecting points the values of which 
are At*j_ and T^ T will determine the drop in the zero point at any- 
given moment in the interval In the given case repeat measure- 
ments were made on 2 segments during the intermediate moments t 2 and 

t for one segment# and and t 5 for the other# Let us write the 

corresponding mean values of At and connect them with straight 

lines which govern the change in the zero v point during shorter 

periods of time# These 2 straight lines show that the creep was 
faster at the outset and slower at the end of the work# Employing 
these supplementary measurements let us trace a curve between points 
At x and AV » -~e segments of which in the corresponding .intervals 
will approximately parallel segments AT 2 -At 2 ? and AT 3 * The 
curve thus drawn is used to correct for zero creep as a more accurate 
approximation of reality than the straight line segment AT^-AT^’ • 

After correction for variations# temperature and zero creep 
(each separately# in accordance with the causes of each# and either 
in the stated order or as a gross correction for all if the variations 
in temperature constitute only a small fraction of the total zero 
creep) the values observed are subjected to further processing* 

If the check course has been laid in the normal field the 
Az (or AT) curves drawn on this basic value will represent the sum 
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gradient of the field, depending' upon the geographical coordinates 
of each point. However, i f the check course is run ip an anomalous 
field, all the ordarrfts of the curves along the various courses will 
contain an additional constant, equal to the difference between the 
normal field arid the field on the check course. Before the' curves 
on the check course can be applied to the normal field, they must 
he freed- of the normal gradient. ' This factor may be determined .by 
the maps for the normal magnetic field of the territory of the USSR 
compiled by the Institute of ferrestri.il Magnetism. The gradient 
is determined in 2 direction, parallel and perpendicular to the 
working courses, in gammas 'per kilometer. However io should be born'.; 
in mind that the maps of isodyries and other components for the weakly 
populated portions of the territory of the USSR have been compiled 
on 'the bases of a very widely spaced net of absolute magnetic measure- 
ments, so that these maps represent approximations to a very consider- 
able degree.. Therefore when aerial magnetic work is dons in poorly 
inhabited or uninhabited areas, where the absolute measurements have 
been made (on widely spaced courses (along large rivers, caravan routes, 

etc), the data of aerial magnetic survey is needed to determine the 
normal gradient. - 

Let us first examine the question as to the constancy of the 
normal gradient on the large territories covered by aerial survey. 



Assuming that the normal field is that of a uniformly magne- 
tized .sphere along its axis of rotation, we find from equation (U.l) 


that 
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in which is the supplement bo ’ the latitude of the give** 

loch li tv uv! r it; the radius of -the earth. 

•Assuming that is 60,000/, we find that for 60° If lat 

Jx- ~ — 4,5t* while for 50° it 1 3 50°^~ = — 6?p er km, indicating that 
tho kb y)r ;b m. if .gradient varies by 1.5/ over a distance of 1,100 km 


along I'Vj nori dl-in • Under the same . conditions the gradient will 
be r* f lY and 3 . uy per: km respectively* 


The gradient of, the total: vector in the meridional direction 


dT dZ J , dH f 
Tx =rf 7 sin/ +ZrC 0 s/; 

under the same given conditions, while when I is 65° it is -2*5 Y 
and -/i.oX per km. With the given specific values for latitude, the 
T gradient declines in absolute value relative to the Z gradient, 
but tire relative change in the gradient increases over the distance 
of 1,100 km. Ip reality it is necessary to examine the gradient of 
tpe total field of uniform magnetization of tne sphere and the conti- 
nental anomaly 4 The latter is known only by occasional observation 
points- and is incapable of determination with the required accuracy. 

Its Ln finance may either increase or decrease the calculated particu- 
lar values of the gradient along the meridian and create a considerable 
gradient by latitude. 


'In any case it must be borne in mind that over distances 
exceeding approximately 500 km the normal gradient cannot be regarded, 
as a linear function of the distance. 


In order to determine the normal gradient let us employ the " '' v 

method used by magnetologists to find the normal field of large terri- 
tories on world maps, employing absolute measurements. 
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In accordance with measurements corrected for variation, 
temperature, and aero creep let us set up a map of the magnetic field 
in the form of A 2 or AT curves along the flight courses or else let 
us enter only the numerical values at specific intervals in accordance 
with the scale of the survey® Let us find the average value of the 
intensities in squares 10 cm on a side and let us compile a map of 
A 2 or A* isodynes in accordance with the values thus determined® 

Mow let us investigate the possibility of drawing smoothed isolines, 
approximately parallel to each other, without paying attention to 
the closed contours of the true isolines, which represent local ano- 
malies, although they may be large® If this effort 13 not successful 
the sides of the squares used to find the mean values may be further 
increased® This is entirely within the realm of possibility when the 
scale of the map is large enough to provide the needed number of 
pointsiwith mean values for plotting approximately parallel isolines ® 
The difference in the values of the parallel isolines, divided by 
the distance S, between them expressed in km will be the gradient 
of the field in the S direction® 

A similar method of finding the gradient of the normal field 
has been used by several field workers in accordance with the results 
of preliminary survey along widely spaced courses® There is no need 
to run preliminary surveys along widely spaced routes when it is 
possible to utilize the data of the total survey for the same purpose, 
with better results® 

Thus the field gradient may be determined either by maps for 
the normal magnetic field of the territory of the USSR or by the data 
of aerial magnetic survey* Let us say that it will be M a w gammas in 
the direction of the course, and gammas par kilometer in the 
direction perpendicular therto® Taking the midpoint on the check 
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course as the origin of roc bangul far coordinates, the direction cf 


the nights is taken as the e axis and the direction perpendicular 


thereto as the TJ . :in now determine the correction for normal gradient 


at any point on the 'working routes. If the gradient has proved' 'lib be 


a linear function of the coordinates, which would be the case where 


relatively small areas are concerned, it is adequate in practice to 


determine the corrections for the start and finish of each route and 


to connect the corrected coordinates. of the ends by a -straight line, 


which will be the corrected base line. The equation for introduction 


the correction will have the simple form 


'g *= al -f br it 


where € and rj are given i.n kilometers as the distances from the mid- 
point on the check comm-' 1 to the given point on the route. The sign 


for the correction depends upon the signs of a and b in the directions 


of the coordinate axes selected. The calculated correction must be 


subtracted from the values of the ordinates of the given points 


For example let us "assume that the survey is made along 


meridional routes 120 km in length, that there be 80 flights in all. 


at 2 -lea intervals, and that the landing strip and check route be 


in. the center of the area covered. Let us assume the normal gradient 


determined by one of the methods cited above to .be 3*5 Y in the direc- 


tion of the flights (the field increasing to the north) and 2.2 Y 
in the direction normal thereto (the field increasing to the east). 


Then we reduce the southern end of the zero line on the .middle flight 


course by 210 Y (increasing the ordinate accordingly) and raise the 


northern end by 23 0/ . Ue- follow the same procedure with the zero 


lines of all other courses, leaving them parallel to the corrected 


zero line of the middl e course, but gradually shifting them by a 


magnitude corresponding to the ' normal gradient in the 'east-west direc- 


tion, i- or ex amp 


the twentieth flight oust. of the middle, and 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R0009001 00005-2 






thus 40 km from the check rout-;; all the ordinates in the curve are . \ 
reduce:! by f -\^Y or in round • figures by 90; Y • Therefore the - extreme 
northern ordinate is reduced by 300 Y, baking all factors into eon- 
' side rat ion, and the extreme rout horn is inure ised by 1 20 Y* On the 
thirtieth route ' to the iod-o r the chock course al 1 the 'ordinates 
om increased 'by approx, i mrtely. 1.30 X or in other words the ordinates ■ ■ 

0 f the extreme northern point are reduced by :f>0 Y and those , of the 
extrema southern are increased by . kfJ, a 3 1 factors taken into consi- 
deration* If the gradient is not -linear, which will bn the case . 
almost always bn survey ing vary large amus, the entire area may be . 
di.vi.ded into small nr s-ny-^fu, within the limits of which the grad i oat 
may bo regarded as a linear function of the coordinates, and in - which 
the corrections are mad e soonr-if-d y for each. 

The Az or A’T curves, corrected for normal gradient, differ 
from the curves of an anomalous field, if the chock routes has been 
plotted' in this field. 

In order’ to find the constant by which all the ordinates have 
to be corrected' or in other words in order to reduce all the measure- 
ments to k normal. field, we nyike use of the conclusion, derived, from . 
the theory of the. magnetic field of magnetized, bodies, to the effect 
that the magnetic flow over c| magnetised object of large extent, along 
a line transecting the entire anomaly normal to its axis, must equal, 
zero. This conclusion folio ws from the general physical concept of 
the. lines of force in a magnetic field and may be proved mathematically. 

Let us limit •• ourselves .to an examination .of the field of a 
horizontally elongated body of* any constant cross-section, for. which 
a'the equation of th ? Z . curve transverse to the trend is - expressed by 

the formula: . *• . , ,a . ..^1 a 

■■■■■'V ^ ^ r\ r f f (x-a)*^ c> 

. .. ' f .. : ’I-..' : .. ~ to? - . ‘ \ ‘ ■ ' t 



’-Ui i i. j.:« .mueriSXGy., 


: -)CGiona.l. area, a 


and c. are the • coordinates of a component of the area of cross-action 
'is, and x if? - the running - coordinate. t 


::i us-, demonstrate bh i 


)zdx - rfs =°- 


lab us wrtftei x—a~ct,dx = cdt 

f" (*- «)»-€» . If* fj ~ l -rff . 1 f” «*' 2 f°° rff 

: ^ Tu' - f «»i» 'c </*♦ ut " TJ^/a+r CiLc/’+fp ess; 

_ “HLw -T^d - L-stt] 

which' Is what it wan required to prove. 

The consideration thus demonstrated will be valid relative 
to ,3--d irnensional objects when the integral is based orNjdie area. 

From this it follows that If the average value of kaZ cp 

I ,, 

:\~7i'2d A '"*• calculated on a series of successive flight course, is 

/-I 

7 ,e ro the normal field has been chosen correctly. However if the average 
value is i positive the normal field is lo(j low and the zero line must 
be raised by that average value* On the other hand the zero line 
must be reduced if the average value is below zero. In the • formula 
A?, represents the ordinate of the Az curve at points determined 
at equal, intervals, that is, 0.5 or one km, and n represents the 
nujeb'-r of points employed. 


Analogously it may bo proved that 'J Ndx*=0, in view of 
which tho adduced rule may also be applied to measurement of At, 
to the same degree of approximation for which equation (2.2) is valid. 


After the residual normal field has been subtracted, there • 
remain the changes in tho field produced only by the change in geological r 
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structure plus errors of measurement and calculation* 

In actual practice aeromagnetic parties taking surveys with 
the Z aaromagnetometer most frequently employ a simplified method of 
determining the normal field# This method consists of the fact that 
the aero line is drawn on the original magnetogram in the form of a 
straight sero line is drawn on the original magnetogram in the form 
of a straight line most nearly approximating the Az curve on the 
tape* that is, in accordance with the requirement that the positive 
and negative areas bounded by the given zero line and the Az curve 
be equal* This eliminates at one stroke the effect of smooth change 
in the zero value and the normal gradient of the field* Under favorable 
conditions this method of selecting the normal field may lead to the 
same results as curves oriented on the check route after the successive 
operations have been performed* Favorable conditions consist primarily 
of the absence of large anomalies, the choice of course normal to 
the trend of the anomalies, and stable operation of the Instrument* 

In the absence of these conditions there are inevitable serious com- 
plications in the elaboration of the field data and a map of the magnet- 
ic field made in this manner does not guarantee proper depiction 
thereof on the regional scale* 

The accuracy of the choice of ssro lines along the routes 
in this simplified fashion is checked by plotting secant courses 
perpendicular or almost perpendicular to the main course* The aero 
lines on the main routes are equalised in accordance with the values 
of the field on the secant routes* 

This method of correcting the aero lines is permissible only 
when there is a field so “quiet ks to be almost homogeneous* Where 
clearly defined anomalies exist, crude errors may occur as a result 
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of the lack of precision in determination of points of intersection 
with the routes and as a result of divergences in the field due to 
variations in flight altitude * 

9 ^ Presen t, nf the Results of Aerial. 

The results of aerial magnetic researches performed to solve 
geological problems are organized into final form by the presentation 
of a report and graphic adjuncts , the content and list of which are 
specified in the instructions* 

There is no need for a fundamental reexamination of the data 
specified for inclusion in the reports of Z aeromagnetometer surveys, 
as the basic geological conclusions are developed on the basis of a 
general examination of maps of the magnetic field compiled In the 
form of Z % maps, without calculations of depth and other components 
the occurrence of magnetized bodies* Geological conclusions would 
be illustrated more satisfactorily if maps of the magnetic field 2 & 
were accompanied by depictions of the contours of rocks having various 
magnetic properties or by adduction of lines showing major tectonic 
disturbances and other major structural elements * In certain cases 
this is possible* It must be striven for where attainable, as the 
graphic presentation of geological conclusions described in the text 
« , 1 w ays demands more profound elaboration of the data and raises the 
standards which must be set* 

The standards to be met by graphic appendices compiled on 
completion of elaboration of T aeroaagnetometer survey are in need 
of reexamination, the major problem being the reflection of the 
geological results in graphiG form* 

The T aeremagnetometer is used primarily in platform regions. 
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w here magnetic data of high accuracy may ha sue o a s sfully used to 
calculate the depths of magnetized bodies and the subsequent develop- 
ment of the relief of the platform basement, as anomalies are primarily 
due to basement rocks* Calculation of depths and other components 
of occurrence also provide very valuable data for the solution of 
many other important questions in the study of geology* Determination 
of the intensity of magnetization of the rocks giving rise to anomalies 
provides data on which one may follow rocks of homogeneous composition 
and differentiate and distinguish rocks of various magnetic intensities 
and thus different in composition or origin* 

These briefly formulated possibilities in the magnetic method 
are presently used to only a negligible degree* Final reports gene- 
rally are accompanied only by maps of the magnetic field in one form 
or another, textual descriptions of anomalies, and general geological 
conclusions# These conclusions, converted into the language of graphs, 
utterly fail to correspond in accuracy and detail of graphic repre- 
sentation to the scale of the survey performed* Thus the chart of 
the folded formations of Western Siberia, based on the general dis- 
tribution of the magnetic field determined by surveys varying from 
1:1,000,000 to 1:200,000 in scale, actually represents no more than 
an outline* There is no doubt as to the great value of this sketch 
map but neither can there be any as to the fact that it is entirely 
out of correspondence with even the finest scale of the aeromagnetic 
survey* 

In an effort to draw general conclusions from aerial magnetic 
surveys that have been run over large territories, including that 
of Western Siberia, many organizations are attempting to employ the 
magnetic field maps accompanying the final reports here under dis- 
cussion in order to offer a more profound geological interpretation* 
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That is to say they are trying very late in the day to perform the 
chief function, which in the essence of things should have been done 
by the aeroraagnetic expedition that had run the survey* There may 
be efforts to prove that the survey work and that of mayimnm geolo- 
gical utilization of the data ought properly to be separated* Such 
efforts are inherently unconvincing. In the first place the instruc- 
tions now in force envisage that the report include geological conclu- 
sions. In the second place transfer of aeromagnetic survey data from 
the expedition that has gathered it to some other organization for 
geological interpretation is not provided for by any regulations 
whatever. 

The organizations occupied with elaboration of the material 
accumulated usually have ready maps of the magnetic field available* 
The reports usually have appended many sheets of computations of 
mean square errors in order to facilitate critical evaluation of the 
accuracy of the measurements* The error calculated by measurements 
at points where flight course intersect is in no way related to quan- 
titative analysis of the reliability of the field changes revealed 
within the framework of the particular anomalies used to calculate 
depths; their relationship to evaluation of the field values is quite 
remote. After all it is known that along particular course segments 
the errors exceed calculated levels several times over* Ihis results 
chiefly from the nonlinearity of the zero creep and is readily dis- 
coverable on examination of the map, if it is presented in the fora 
of At curves along a pronounced high on some particular curve against 
a generally flat background that has been fixed beyond doubt by means 
of the curves on the adjacent courses. On isoline maps these errors 
are modified by the smoothed contours of the isolines and are therefore 
difficult to define. 
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The summary maps have been used to calculate depths by 
occasional scientists working with the data they contain* Mo doubt 
when isoline maps are used only on occasion the depths calculated 
will be more or less close to reality* However in the majority of 
instances depths are calculated on distorted curves differing from 
those originally derived* Therefore there is no basis for expectations 
of high accuracy in this situation® 




The situation is somewhat better when the map employed is 
presented in the form of AT curves. However in this case virtually 
a.i 1 regions with large anomalies and significant gradients are eli- 
minated due to the intersection of the curves and the impossibility 
of deriving the needed curve with confidence® Areas with smaller 
anomalies are less reliable $ as the numerous redraftings required in 
the course of the complex elaboration of th© curves for purposes of 
map compilation, even small absolute errors in A T graphs are of 
relatively major significance. 

Efforts to calculate depths and other components of occurrence 
on the basis of maps of magnetic field have created an inaccurate idea 
to the effect that depths cannot be calculated from magnetic data with 
satisfactory accuracy* This experience has had the objective effect 
of facilitating the dissemination of primitive methods of calculation 
which are incapable of providing good results even when measurements 
are of ideal accuracy* This deep-rooted practice must be completely 
uprooted* It cannot be shown that accurate magnetic measurements in 
geological conditions favorable to the magnetic method are incapable 
of yielding depths and other elements of occurrence as well as magnetic 
intensities by calculation with the same accuracy as the data of other 
geophysical methods including the seismic* On the contrary it may 
be stated that the possibilities offered by the 2 methods are identical 
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as to principle but that the simplicity and ease with which magnetic 
fields are measure able are balanced off by the labor needed to elabo- 
rate this data 6 

The fact that large aeromagnetic expeditions do not include 
among their personnel specialists capable of doing geological elabo- 
ration of survey data in the process of field work is quite signifi- 
cant. On the other hand the time allocated for elaboration in the 
office is utterly inadequate for fulfillment of the required work* 

It should be a universal rule that flight route At curves 
should be used to find the depth of occurrence, dimensions and dip 
of magnetized bodies in vertical cross-section by geometrieax plot- 
tings* Bodies described in cross-section must be divided into 
specific categories by magnetic intensity calculated on the absolute 
intensity of the anomalous field* Such calculations must be made 
for each flight course at all points where changes in the magnetic 
field permit employment of the methods of computation with which 
we are now familiar* 

The accuracy of the findings for depth which may on rare 
occasion be verifiable by means of reliable independent, credible 
data (primarily by the evidence of bore holes) is generally checked 
by the degree to which the changes from one point to the next are 
logical in course and likewise by the logic of observed changes in 
other components of occurrence and by the degree to which the magnetic 
intensity for a given anomaly proves to be constant* Should points 
for which depths have been calculated be closely spaced (the data on 
Western Siberia is adequate to permit calculation of depths at 10-20 
points per sq decim of map surface, given depiction of flight courses 
at one cm intervals), one is free to discard findings that are obviously 
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unsatisfactory, while the remainder are used to depict the underground 
relief in the form of isohypses on the scale of the survey, either 
directly, or after averaging depths at points nearby* 

Isohypss maps and series of typical cross-sections character- 
izing rocks by magnetic intensity should be the basic graphic appen- 
dices illustrating the geological results of the work of aeromagnetic 
expeditions on the given scale of survey* 

Due to lack of experience in the compilation of such maps, 
it is thus far difficult to specify a desirable interval to be main- 
tained between isohypses# In the general ease this will depend upon 
the absolute depth of occurrence of magnetised bodies* Therefore in 
order to evaluate the accuracy with which subsurface relief has been 
depicted it is necessary to enter on the map all points with calculated 
depths used to compile the map and to indicate calculated values# 

A map of the magnetic field in the form of isolines or At 
graph should constitute the second graphic adjunct* 

o 

Depending upon the practical purposes to be served and the 
accuracy with which the field has been depicted, it is desirable to 
reduce the scale of the map by comparison to the scale of the survey# 
This map should serve as the basis and illustration for geological 
conclusions relative to the major structural shapes in the territory 
under study# It is clear that graphic appendices must under no con- 
ditions te in disagreement with each other and with established geological 
facts* 

Supplementation of desk work on a scale such as to satisfy 
the requirements formulated above would bring about a marked improve- 0 
meat in the geological usefulness of high-accuracy aeromagnetic s, 
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which is now utterly unsatisfactory, and would substantially reduce 
0 costs in the general, complex of geological research work in which 
the aeroma^iatic method is employed* o 
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